R5-2014-0104710000333

Y.0 EXAMPLE CALCULATIONS—INITIAL CORRELATION TEST

This section presents several examples of initial correlation test calculations. For each of the
examples, a brief description of the correlation test scenario is provided, followed by a summary
and discussion of the results of the calculations. For the first example, all of the equations used
to evaluate the data and some sample calculations are presented. The calculations for all of the
examples were performed using the Correlation Test Calculation Spreadsheet, which is described
in Section X. Appendix A includes the entire spreadsheet output for each of the examples.

Y.l EXAMPLE 1: HOW DO I DEVELOP AN INITIAL CORRELATION?

Y.1.1 Correlation Test Scenario

A correlation test is performed on a boiler at Facility A. The boiler is equipped with an in situ
PM CEMS that responds to PM concentrations at actual conditions. The emission limit, when
converted to units that are consistent with the PM CEMS sampling conditions, is 20.0 mg/acm.
Twenty-four test runs are performed using a single Method 5 sampling train. The facility
determines that four of the test runs (Runs 7, 8, 9, and 18) were suspect because of problems
with the sampling train. Table Y-1 summarizes the correlation test data. Figure Y-1 shows a
plot of the data.

Table Y-1. Summary of Correlation Test Data for Facility A

PM CEMS response, PM concentration,
Run no. mA mg/acm
1 4.90 2.1
2 7.60 2.9
3 7.80 5.1
4 9.20 4.8
5 10.10 2.9
6 11.06 6.3
7 13.40 0.2
8 16.10 0.6
9 15.80 0.3
10 12.00 8.4
(continued)
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Table Y-1. (continued)
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PM CEMS response, PM concentration,
Run no. mA mg/acm
11 18.20 8.4
12 15.70 4.9
13 13.90 6.3
14 19.70 13.0
15 21.02 9.1
16 22.30 13.9
17 24.10 8.7
18 25.90 0.6
19 24.70 12.6
20 26.40 15.9
21 29.08 16.2
22 29.30 13.5
23 30.50 15.9
24 33.10 18.5
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Figure Y-1. Plot of the correlation test data for Facility A.
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Must I use all of the test data to develop the correlation?

Section 8.6(3) of PS-11 requires a minimum of 15 valid test runs for developing the correlation,
and Section 8.6(3)(ii1) allows you to discard up to 5 test runs without explanation. Additional
test runs can be discarded if the basis for rejecting the runs is specified in the manual test
method, in PS-11, or in the quality assurance plan for the source. In this example, an additional
nine test runs were performed, so it is not necessary to use all of the test data. Five of the runs
can be discarded without explanation. As indicated in Figure Y-1, the results from test Runs 7,
8,9, and 18 appear to be outliers. If the four outliers are discarded, there are 20 runs remaining,
which satisfies the minimum requirement of 15 runs for developing the initial correlation. Note
that Section 8.6(3)(i1) of PS-11 still requires you to report all of the data, even for those runs that
are rejected.

How do I develop a linear correlation curve from the data?

To develop a linear correlation model, follow the procedures described in Section 12.3(1) of
PS-11. The form of the linear model is provided in Equation 11-3 of PS-11:

$=0b,+bx
where

i = the predicted PM concentration

b, = the intercept for the correlation curve
b, = the slope of the correlation curve

x = the PM CEMS response value.

To begin, the mean PM CEMS response (&) and mean PM concentration (§) are calculated as
follows:

n

1 1
—> x, =—(49+76+78+..+33)=1853
ni=1 20

X

n

1 1
F= Xy, = 5o(21429 4514 L 1185)= 947

11 i=1

The variables S, and S
follows:

«y» Which are presented in Equation 11-7 of PS-11, are calculated next as

S, = Y (xl- - )T)z =((49 - 1853 )2 + (76 -1853 )2+K+(331 - 1853 )2)= 14422

i=1

n (x; =)y, - 7)=(49 - 1853 (21 - 947 )+ (76 - 1853 }(29 - 947 J+K+

i=1

o)
1l

(331-1853)(185-947)= 7852
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The slope of the correlation curve (b,) is determined by Equation 11-6 of PS-11:
TS 14422
The intercept of the correlation curve is determined using Equation 11-4 of PS-11:
b, = 7= b,0% = 947 — (0544 x 1853) = —0621
The resulting equation for the correlation curve is as follows:
i =10.621+0.544x

How do I determine the linear correlation coefficient?

The linear correlation coefficient (1) is calculated using the parameters S; and S,. The parameter
S, is defined in Equation 11-9 as follows:

S; =\/ni2i(§i _yi)z

To calculate S;, the linear correlation equation must be used to determine the predicted PM
concentration (i) for each test run. For example, for Run 3, the PM CEMS response is 7.8 and
the predicted PM concentration is

$=-0621 + 0544 (78 ) = 3626

Table Y-2 shows the results of the calculations of i. Using these values, the calculation for S; is
as follows:

S, = \/ﬁ((z(m —21) +(3517 - 29 ' +(3626 — 51)" +K+(17401 - 185)2)= 1910

Table Y-2. Predicted PM Concentrations (i) for Linear Correlation

PM CEMS PM concentration, Predicted PM
Run no. response, mA mg/acm concentration (i)*

1 49 2.1 2.047

2 7.6 29 3.517

3 7.8 5.1 3.626

4 92 4.8 4388

5 10.1 29 4.878
(continued)
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Table Y-2. (continued)

PM CEMS PM concentration, Predicted PM
Run no. response, mA mg/acm concentration (i)

6 11.06 6.3 5.401
10 12 8.4 5913
11 18.2 8.4 9.289
12 15.7 4.9 7.928
13 13.9 6.3 6.947
14 19.7 13 10.105
15 21.02 9.1 10.824
16 223 13.9 11.521
17 241 8.7 12.501
19 247 12.6 12.828
20 26.4 15.9 13.753
21 29.08 16.2 15.213
22 293 13.5 15.332
23 30.5 15.9 15.986
24 33.1 18.5 17.401
¢ Calculated using the correlation equation: i =-0.621 + 0.544x.

The parameter S, is calculated using Equation 11-15 of PS-11 as follows:

5 (,-7)

n—1

=5095

_ \/(2.1— 947) +(29-947) +(51-947)+K+(185-947)°
20-1

With the values for S; and S,, the correlation coefficient is calculated using Equation 11-14 as

follows:
S 2 (1910)
= 1-—+=_[1- = 0927
' \/ 5, \/ (5005

The correlation coefficient (0.927) is greater than 0.85 and, therefore, satisties PS-11.

Note: For data sets that show little to no correlation, the value for S; can be greater than S;. In
such cases, the correlation coefficient (r) calculated using Equation 11-14 is undefined because it
entails determining the square root of a negative number. Even though the correlation
coefficient cannot be determined, it can be assumed that the value for r does not meet the
criterion of 0.85 specified by PS-11.
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How do I calculate the confidence interval half range percentage for the linear correlation?

The half range for the 95 percent confidence interval (CI) for the predicted PM concentration at
the mean value of x is determined using Equation 11-8 of PS-11:

-~ 1
CI=1ty_,p0S, - "

The variable ty; |, is obtained from a table of #-statistic values. The degrees of freedom (df)

equals n-2, and the value for the 7 statistic for this example is 2.101. With this value and the
value for S; calculated above, CI is calculated as follows:

C[—2101(191)1/ L 0897
- . . 20_ B

The emission limit in this example is 20.0 mg/acm. To determine CI as a percentage of the
emission limit, Equation 11-10 is used as follows:

Vi 0897
CI% = EX 100% = 200 x 100% = 449%

The resulting value for C1% is 4.49 percent. Because this value is less than 10 percent, the
correlation satisfies the criterion for confidence interval half range.

How do I calculate the tolerance interval half range percentage for the linear correlation?

Equation 11-11 of PS-11 is used to calculated the tolerance interval half range (77) at the mean
value of x:

I = k, 0S8,
The parameter k; is determined using Equation 11-12 of PS-11:
kp=u, v,

The parameters uy and v, are determined from Table 1 of PS-11. In this example, oNis the
number of test runs used for the correlation (20), uy=1.177, and v, equals 1.384 for n-2 degrees
of freedom. With these values, k; and TI are calculated as follows:

k =1177(1384) = 1629

7= Y Var
11 = k,0S, =1629(191) = 3111

With an emission limit of 20.0 mg/acm, the tolerance interval as a percentage of the emission
limit is determined using Equation 11-13 as follows:

Y-6
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17 3111
11% = —x 100% =
EL 200

x 100% = 156%

The resulting value for TI% is 15.6 percent. Because this value is less than 25 percent, the
correlation satisfies the criterion for tolerance interval half range. In summary, the linear
correlation developed from the data satisfies all of the criteria specified in PS-11.

How do I develop a polynomial correlation curve from the data?

A polynomial correlation curve can be expressed by the following:
—_ 2
$=b,+bx+ bx

The procedures for developing a polynomial correlation curve are described in Section 12.3(2) of
PS-11. The first step is to determine the values for the parameters S, through S, as defined in
Equations 11-17 and 11-18 of PS-11. These calculations are summarized as follows:

5,2 ()= (49 + 76 + 78+ K+331) = 3707
i=1
S, =3 (x7)= (497 +7.67 + 787+ K+331)=8312
i=1
Sy = i(xﬁ)= (49°+76° + 78 °+K+331°) = 208377
i=1

S, =3 ()= (49" +76° + 78"+ K+33 1)+ 5574077
i=1

n

S =2 (y,)=(21+29 +51+K+185) = 1894

i=1

S, = Zn:(xi yi)= ((49 )(21) + (76 X(29 )+ (78 )(51)+ K+(331)(185)) = 4,295

i=1

S, = i(xﬁ 7,)= (492 )2+ (76 X200+ (78 X5 I K+(33 T )189)=108567

Next, the parameter det A must be calculated using Equation 11-22 of PS-11. For this example,
the calculation is as follows:
det A =n8,08, = S,08,08, + 8, °8,-8, - S, -8, _n+ S8, 8,_ S, - §,05,08, =
(20)(8,312)5574 ,977)- (8312 X8312 X8312 )+ 3707 (208,377 )(8312 )- (208377 )(208,377)20) +
(8,312)3707 )(208,377)- (5574 ,.977X3707 }(3707 ) = 2120 x 10°

The values for the correlation curve parameters b,, b;, and b, can now be determined using
Equations 11-19 to 11-21 of PS-11:
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- (S,78,7S, + 8,008,718, + 8,008,778, = 8,018,718, = S,08,0S; — §,78,7, )
o det 4

TS 1ox 10 [(189)(8.312)5574 ,977)+ (3707 }(208,377 108567 )+ (208,377 4 295208377 )-

(108567 X(8,312)(8312 )- (208,377)208377 X189) - (5574,977X4,295X3707 )]
= 0420

= (n§S6§S4 + 8,058,085, + §,08,08, - §,08,08, - §,08,5n- S43S13S5)

! det A

= ST o 1(200(4.295)5574.,977)+ (189)(208.,377)8.312)+ (8.312)3707 )(108567 ) -

(8,312)(4,295)(8,312)- (108567 )(208,377X20) - (5574 ,977X3707 )(189)]
= 0406

(08,018, + S80S, + S80S, = 8,608,008~ 8,18, = 8,108,758, )
2 det 4

= T 0 21 —[(20)(8,312)(108567 )+ (3707 )(4,295)(8,312) + (189)(3707 )(208,377)~

(8,312)X(8,312)X189) - (208,377 X4,295)20) - (108567 X3707 (3707 )]

= 000368
The resulting correlation curve is as follows:
i =0.420 + 0.406x + 0.00368x’

How do I determine the polynomial correlation coefficient?

The polynomial correlation coefficient (r) is calculated using the parameters Sy and S,. The
parameter S; is defined in Equation 11-26 as follows:

-

To calculate S;, the predicted PM concentrations must be determined by substituting the PM
CEMS response values into the correlation curve. For example, the predicted PM concentration
for Run 10 is

ni 3Z(§i _yi)2

Y-8
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$=0420 + 0406 (12) + 000368 (12)° = 5819

Table Y-3 shows the predicted PM concentrations for all of the 20 test runs used to develop the
correlation. Substitute these values into Equation 11-26 to calculate the value for S;;:

S, =555 (2497 = 21) + (3717 - 29" + (3809 - 51)° + K+(17884 ~ 185)° ) = 1951

Table Y-3. Predicted PM Concentrations (i) for Polynomial Correlation

PM CEMS PM concentration, Predicted PM
Run no. response, mA mglacm concentration (i)*
1 49 2.1 2497
2 7.6 2.9 3.717
3 7.8 5.1 3.809
4 9.2 48 4.465
5 10.1 2.9 4.894
6 11.06 6.3 5.358
10 12 8.4 5.819
11 18.2 8.4 9.024
12 15.7 49 7.698
13 13.9 6.3 6.771
14 19.7 13 9.842
15 21.02 9.1 10.576
16 223 13.9 11.299
17 24.1 8.7 12.337
19 24.7 12.6 12.688
20 26.4 15.9 13.698
21 29.08 16.2 15.333
22 293 13.5 15.469
23 305 15.9 16.221
24 33.1 18.5 17.884

* Calculated using the correlation equation: | =0.420 + 0.406x + 0.00368x”.
The parameter S, was determined previously to be 5.095. As shown below, substituting S, and

S, into Equation 11-33 results in a correlation coefficient of 0.924, which satisfies the minimum
value of 0.85 specified by PS-11.

S, 1951)°
r=J1—Sp2=J1 (( 5))2 0924
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How do I calculate the confidence interval half range percentage for the polynomial correlation?

The half range for the 95 percent CI for the predicted PM concentration must be determined at
the minimum value of the parameter delta () ;). The expression for calculating ) is provided in
Equation 11-25 of PS-11:

A=Cy+2Cx+ (20, + C ) +2C,x° + Cox*

Before calculating ), it is first necessary to calculate the parameters C, to Cs, which are defined
in Equation 11-23 of PS-11 as follows:

_ (8,08, -57)
0 D
_ (s,08, - 5,08,)
! D
S.08, - 8,2
CZ - 1 }) 2
(ns,- 5.2
)
_ (5,08, - nS,)
. D
(ns, -8
)

The variable D in the denominator of these expressions is determined using Equation 11-24. For
this example, this calculation is as follows:

D=n(S,08, = 52 )+ 8,(5,08, - 5,708, )+ 8, (57 - 5,%)
= 20((8312 X5574 ,977)- (208,377) )+ 3707 ((208377 X(8.312) - (3707 )(5574 ,577))+

8,312((370.7 )(208,377) - (8,312)2)= 2120 % 10°

Substituting the values for D and for the variables S, to S,, which were defined previously, you
find the following coefficients for determining ):

((8,312)(5574 977)- (208377 )3)
G 212x10°

=1375

Y-10
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208,3 - (370
- ((208,377)8,312)- (3707 (5574 ,977))= o158
212x 10

((370.7 )(208,377)- (8,312)2)
= 0003846

2 212%10°

((20)(5574 977)-(8312) ) = 002001

} 212%x10°

= (3707 X8.312)- (20)(208,377)) = -00005126
212x10

.. ((20)(8,312)- (3707 )*)

’ 212%x10°

= 1360 x 10™°

When these values are substituted, Equation 11-25 becomes the following:

A = 1375+ 2(- 01578 )x + ((2)(0003846 ) + 002001 )x* + 2(~ 00005126 )x* + 136 x 107 x*
=1375-03155x+ 00277 x* = 0001025 x* + 136 x 107 x*

Table Y-4 summarizes the results when the PM CEMS response values for each test run are

substituted into the above equation.

Table Y-4. Values for )

Run PM CEMS  PM concentration, -
no. | response, mA mg/acm X X’ x* )
1 49 2.1 24.01 118 576 0.3817
2 7.6 29 57.76 439 3,336 0.1727
3 7.8 5.1 60.84 475 3,702 0.1634
4 9.2 4.8 84.64 779 7,164 0.1162
5 10.1 29 102.01 1,030 10,406 0.0995
6 11.06 6.3 122.32 1,353 14,963 0.0906
10 12.0 8.4 144.00 1,728 20,736 0.0884
11 18.2 8.4 331.24 6,029 109,720 0.1202
12 15.7 4.9 246.49 3,870 60,757 0.1084
13 13.9 6.3 193.21 2,686 37,330 0.0960
14 19.7 13.0 388.09 7,645 150,614 0.1204
15 21.02 9.1 441.84 9,287 195,223 0.1162
16 223 13.9 497.29 11,090 247,297 0.1092
(continued)
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Table Y-4. (continued)

Run PM CEMS | PM concentration,
no. | response, mA mg/acm x x’ x! )

17 24.1 8.7 580.81 13,998 337,340 0.0985
19 24.7 12.6 610.09 15,069 372,210 0.0959
20 26.4 15.9 696.96 18,400 485,753 0.0960
21 29.08 16.2 845.65 24,591 715,118 0.1417
22 293 13.5 858.49 25,154 737,005 0.1492
23 30.5 15.9 930.25 28,373 865,365 0.2046
24 33.1 18.5 1,095.61 36,265 1,200,361 0.4312

The minimum value for ) is 0.0884 and corresponds to Run 10. Using this value for ) ., the
value for S; calculated previously, and the 7 statistic with n-3 degrees of freedom, you can
calculate the confidence interval half range using Equation 11-27.

CI=1,08,,JA , =(211)(1951)4/00884 = 1223

The confidence interval half range as a percentage of the emission limit is calculated using
Equation 11-28 as follows:

CI 1224
C[%=EX10O%= x 100% = 612%

The resulting value for CI% is 6.12 percent. Because this value is less than10 percent, the
correlation satisfies the criterion for confidence interval half range.

How do I determine the tolerance interval half range percentage for the polynomial correlation?

To calculate the tolerance interval half range, the parameter fNmust be calculated using
Equation 11-31 of PS-11.

1
A . 00884

min

n'= =1131

With fNrounded to the nearest integer (11), the values for the variables uy and vy with n-3
degrees of freedom are taken from Table 1 of PS-11 and substituted into Equation 11-30 to
determine k;:

ky = u,Cv, = (1199(1.400) = 1.673

Using this value for k; and the value for S; calculated previously, the tolerance interval half
range is calculated using Equation 11-29 as follows:

Y-12
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71 = k, 1S, = (1673 )(1951) = 3263

Finally, to determine the tolerance interval as a percentage of the emission limit (T1%),
Equation 11-32 is used as follows:

1% = 2L x 1000 = 2283
T EL * 7 200

x 100% = 163%

The resulting value for TI% 1s 16.3 percent. Because this value is less than 25 percent, the
correlation satisfies the criterion for tolerance interval half range. In summary, the polynomial
correlation developed from the data satisfies all of the criteria specified in PS-11.

How do I develop a logarithmic correlation curve from the data?

A logarithmic correlation curve is expressed as follows:

$=0b, +bIn(x)= b, +bx’
Developing a logarithmic correlation entails following the same procedures used to develop a
linear correlation. However, instead of using the PM CEMS response (x) values, the natural

logarithm of the PM CEMS values (sNvalues) are used in the calculations. Table Y-5
summarizes the test data, including the corresponding values of ®N

Table Y-5. Data for Developing Logarithmic Correlation

Logarithm of PM
PM CEMS CEMS response | PM concentration,
response, mA x'=In(x) mgl/acm
1 4.9 1.589 2.1
2 7.6 2.028 29
3 7.8 2.054 5.1
4 9.2 2.219 4.8
5 10.1 2.313 29
6 11.06 2.403 6.3
10 12 2.485 8.4
11 18.2 2.901 8.4
12 15.7 2.754 49
13 13.9 2.632 6.3
14 19.7 2.981 13
15 21.02 3.045 9.1
(continued)
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Table Y-5. (continued)

Logarithm of PM
PM CEMS CEMS response | PM concentration,
Runno.. response, mA x'=In(x) mg/acm
16 223 3.105 13.9
17 241 3.182 8.7
19 247 3.207 12.6
20 26.4 3.273 15.9
21 29.08 3.370 16.2
22 293 3.378 135
23 305 3418 15.9
24 33.1 3.500 18.5

Following the same procedures described previously for developing a linear correlation curve,
you can calculate values for the parameters @Nand §, using Equation 11-5; Syand Sy, using
Equation 11-7; b,, using Equation 11-6; and b,, using Equation 11-4:

1
X' = 2—0(1589 + 2028 + 2054 + K+3500) = 279

1
%(21 +29 +51+K+185) =947

7=
S.. =(1589-279 ) + (2028 - 279)° + (2054 - 279 )’ + K+(350 - 279 )* = 574
S, = (1589 -279)(21 - 947 )+ (2028 - 279 )(29 - 947 H+ K+

(350 - 279 )(185 — 947 ) = 478
, = 48

= ——=18323
574

by = 947 — (8323 (279 ) = -1377
The resulting equation for the logarithmic correlation curve is
$=-138 +8320n(x)

How do I determine the logarithmic correlation coefficient?

Determining the logarithmic correlation coefficient requires calculating the predicted PM
concentration (i) for each test run, the parameter S;, and the parameter S, following the same
procedure used to calculate the linear correlation coefficient. The only difference is that the
predicted PM concentrations are calculated using the logarithmic correlation equation.

Table Y-6 shows the PM concentrations calculated using the logarithmic correlation coefficient.

Y-14
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Table Y-6. Predicted PM Concentrations for the Logarithmic Correlation

Logarithm of PM

PM CEMS CEMS response . PM concentration, Predicted PM
Run no. response, mA x'=In(x) mg/acm concentration (i)?
1 4.9 1.589 2.1 -0.539
2 7.6 2.028 29 3.114
3 7.8 2.054 5.1 3.330
4 9.2 2.219 4.8 4.704
5 10.1 2.313 29 5.481
6 11.06 2.403 6.3 6.237
10 12 2.485 8.4 6.916
11 18.2 2.901 8.4 10.382
12 15.7 2.754 4.9 9.152
13 13.9 2.632 6.3 8.139
14 19.7 2.981 13 11.041
15 21.02 3.045 9.1 11.581
16 22.3 3.105 13.9 12.073
17 241 3.182 8.7 12.719
19 24.7 3.207 12.6 12.924
20 26.4 3.273 15.9 13.478
21 29.08 3.370 16.2 14.283
22 293 3.378 13.5 14.345
23 30.5 3418 15.9 14.679
24 33.1 3.500 18.5 15.360
* Calculated using the logarithmic correlation equation: i = !13.8 + 8.32@/n(x).

With the values for i shown in Table Y-6, the calculation for S; is as follows:

1
L = \/_(20_ 2)((_ 0539 - 21)2 +(3114 _ 29 )2+K+(1536 _ 185)2)= 2305

The value for S, is the same as was calculated for the linear correlation (5.095). Substituting the
values for S; and S, into Equation 11-14, the logarithmic correlation coefficient is

(2 30%°
(5099

= 0892

The logarithmic correlation coefficient (0.892) is greater than the minimum value specified by
PS-11 (0.85) and 1s acceptable.

Y-15
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How do I determine the confidence interval half range percentage for the logarithmic
correlation?

The confidence interval half range for the logarithmic correlation is determined using the same
procedures used for the linear correlation. Substituting the value for S; calculated above (2.305)
and the same value for the #-statistic (2.101) used for the linear correlation, Equation 11-8 yields

/1
CI=(2101)2305) 0" 1.083

The emission limit in this example is 20.0 mg/acm. To determine CI as a percentage of the
emission limit, Equation 11-10 is used as follows:

1083
20

x 100% = 541%

The resulting value for C1% is 5.41 percent. Because this value is less than 10 percent, the
correlation satisfies the criterion for confidence interval half range.

How do I determine the tolerance interval half range percentage for the logarithmic correlation?

The tolerance interval half range for the logarithmic correlation is determined using the same
procedures used for the linear correlation. Substituting the value for S; calculated above (2.305)
and the same value for the k; used for the linear correlation (1.629), Equation 11-11 yields

771 =(1629)(2305)=375

The emission limit in this example is 20.0 mg/acm. To determine TI as a percentage of the
emission limit, Equation 11-13 is used as follows:

375
200

x100% = 188%

The resulting value for TI% is 18.8 percent. Because this value is less than 25 percent, the
correlation satisfies the criterion for confidence interval half range.

How do I develop an exponential correlation curve from the data?

An exponential correlation curve is expressed as follows:
—_ bx
$=bhe"

To develop an exponential correlation curve, follow the same procedures used to develop a
linear correlation curve. However, instead of using the PM CEMS concentrations (y) values, use

Y-16
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the natural logarithm of the PM CEMS concentrations (N values) to perform the calculations.
Table Y-7 summarizes the test data, including the corresponding values of yN

Table Y-7. Transformed Data for Developing Exponential Correlation

- Logarithm of PM

PM (CEMS PM concentration, . CEMS response

response, mA mg/acm y' =In(y)
0.742

2 1.065

3 1.629

4 1.569

5 10.1 29 1.065

6 11.06 6.3 1.841

10 12 8.4 2.128

11 18.2 8.4 2.128

12 15.7 49 1.589

13 13.9 6.3 1.841

14 19.7 13 2.565

15 21.02 9.1 2.208

16 223 13.9 2.632

17 24.1 8.7 2.163

19 24.7 12.6 2.534

20 26.4 15.9 2.766

21 29.08 16.2 2.785

22 293 13.5 2.603

23 30.5 15.9 2.766

24 33.1 18.5 2918

Following the same procedures described previously for developing a linear correlation curve,

calculate values for the parameters &and @ using Equation 11-5; S, and S, using

Equation 11-7; bN using Equation 11-6; and bN using Equation 11-4:

X

1
y' = 2—0(0.742 + 1065 + 1629+ K+2918 ) = 2077

1
549+ 76+ 78+ K+33)=1853

S.. =((49 - 1853) + (76 - 1853)* + K+(331 - 1853) )= 14422

Sy = ((49 - 1853 )(0742 - 2077 )+ (76 - 1853 (1065 — 2077 J+ K+
(331-1853)(2918 - 2077 )) = 9658
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9658
b, = = 00670
14422

b, = 2077 - (00670 )(1853) = 08357

The resulting equation is expressed in the following form:
B = by + bix
For this example, the correlation equation becomes

$ =0836+00670

Converting this to the format that yields the predicted PM concentration in the correct units
entails taking the exponential of each side of the equation, as follows:

Exp($')= Exp(08357 + 00670 x)
ﬁ - 2 3 k0.0670x

In the resulting correlation equation, the coefficient 2.31 is simply the exponential of bN

How do I determine the exponential correlation coefficient?

Determining the exponential correlation coefficient requires calculating the predicted PM
concentration (iN) for each test run, the parameter S;, and the parameter Sy following the same
procedure used to calculate the linear correlation coefficient. Table Y-8 shows the PM
concentrations calculated using the linear form (i.e., IN= AN+ HNx) of the exponential
correlation equation.

Table Y-8. Predicted PM Concentrations Using Exponential Correlation Equation

Logarithm of PM
PM CEMS response,| PM concentration, CEMS response Predicted PM
mA mg/acm vy =In(y) concentration (IN?

1 2.1 0.742 1.164
2 29 1.065 1.345
3 5.1 1.629 1.358
4 4.8 1.569 1.452
5 10.1 29 1.065 1.512
6 11.06 6.3 1.841 1.576
10 12 8.4 2.128 1.639
11 18.2 8.4 2.128 2.055
12 15.7 49 1.589 1.887
(continued)
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Table Y-8. (continued)

Logarithm of PM
PM CEMS response,| PM concentration, CEMS response Predicted PM
Run no. mA mg/acm =In(y concentration (iN®
13 13.9 6.3 1.841 1.767
14 19.7 13 2.565 2.155
15 21.02 9.1 2.208 2.243
16 223 13.9 2.632 2.329
17 24.1 8.7 2.163 2450
19 24.7 12.6 2.534 2.490
20 26.4 15.9 2.766 2.604
21 29.08 16.2 2.785 2.783
22 293 13.5 2.603 2.798
23 305 15.9 2.766 2.878
24 33.1 18.5 2.918 3.052

* Calculated using the exponential correlation equation: iIN=0.836 + 0.067x.

Using the values for iNshown in Table Y-8, calculate S; as follows:

Sp- \/(20 2) ((1164 0742 )% + (1345 - 1065)* + K+(3052 - 2918 )’ )= 0278

The value for S is determined using Equation 11-15 with the values for yNsubstituted for the
values of y, as follows:

=0643

S _‘J«0742-—2077)2+(1065-2o77)?+K+(2918-—2077)2)
a (20-1)

Substitute the values for S; and Sy into Equation 11-14 to calculate the exponential correlation
coefficient:

(0278

=0902
(0643 Y

The exponential correlation coefficient (0.902) is greater than the minimum value specified by
PS-11 (0.85) and is acceptable.

How do I determine the confidence interval half range percentage for the exponential
correlation?

The confidence interval half range for the exponential correlation is determined using
Equation 11-8, which is the same equation used to calculate the confidence interval half range
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for linear correlations. Because the confidence interval half range is calculated on the log scale,
it is designated as CINfor the exponential model. Using Equation 11-8, CINis calculated as

fOHOWS:
df, I-af2’ L n 20 .

The lower confidence limit (LCIN) and upper confidence limit (UCIN) are calculated using
Equations 11-40 and 11-41, respectively'

LCIN=6N- CN=2.077 - 0.1307 = 1.946
UCIN=N+ CN=2.077 + 0.1307 = 2.207

Next, the confidence interval half range (CI) must be calculated on the original PM
concentration scale using Equation 11-42 from PS-11

ver _ ICr 2207 _ 1946
(e —e)_(e7 —e™)

Cl = = =1.045
2 2

The confidence interval as a percentage of the emission limit is calculated using Equation 11-10
as follows:

5
CI% = x 100% = 523%

The resulting value for C1% is 5.23 percent. Because this value is less than 10 percent, the
correlation satisfies the criterion for confidence interval half range.

How do I determine the tolerance interval half range percentage for the exponential correlation?

The tolerance interval half range for the exponential correlation also is calculated using the same
procedure as is used for linear models. Because it is calculated on the log scale, it is denoted
here as TN Using Equation 11-11, TINis calculated as follows:

TIN= k@S, = (1.629)(0.278) = 0.453
The lower tolerance limit (LTIN) and upper tolerance limit (UTLN) are calculated using
Equations11-43 and 11-44, respectively
LTIN=@N- TN=2.077 - 0.453 = 1.624

UTIN=GN-+ TIN=2.077 + 0.453 =2.530

' The equations presented in this section for exponential and power models correspond to the amended
version of PS-11, which was not yet published at the time this was prepared.
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Next, the tolerance interval half range (TT) must be calculated on the original PM concentration
scale using Equation 11-45 from PS-11

(eUTL' — eLTL') (82.53 — .624)

11 = = =374
2 2

The tolerance interval as a percentage of the emission limit is calculated using Equation 11-13 as
follows:

74
1% = 0 x 100% = 187%

The resulting value for TI% is 18.7 percent. Because this value is less than 25 percent, the
correlation satisfies the criterion for confidence interval half range. In summary, the exponential
model satisfies the PS-11 criteria for correlation coefficient, confidence interval half range
percentage, and tolerance interval half range percentage.

How do I develop a power correlation curve from the data?

A power correlation curve has the following form:
$= b

Developing a power correlation requires transforming both the PM CEMS response (x) values,
as described previously for a logarithmic correlation, and the PM concentration (y) values, as
was described above for an exponential correlation. The procedures used to develop a linear
correlation are then followed using the transformed values for x and y. Table Y-9 shows the test
data and transformed values that must be used.

Table Y-9. Summary of Test Data and Transformed Values for
Developing Power Correlation

Logarithm of PM Logarithm of PM
PM CEMS response,  CEMS response PM concentration, CEMS response
mA x'=In(x) mglacm y=In(y)
1 49 1.589 2.1 0.742
2 7.6 2.028 29 1.065
3 7.8 2.054 5.1 1.629
4 9.2 2.219 48 1.569
5 10.1 2.313 29 1.065
6 11.06 2.403 6.3 1.841
10 12 2485 84 2.128
11 18.2 2.901 84 2.128
(continued)
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Table Y-9. (continued)

Logarithm of PM Logarithm of PM
PM CEMS response, CEMS response PM concentration, CEMS response
Run no. mA x'=In(x) mg/acm y=In(y)
12 15.7 2.754 49 1.589
13 139 2.632 6.3 1.841
14 19.7 2.981 13 2.565
15 21.02 3.045 9.1 2.208
16 223 3.105 139 2.632
17 24.1 3.182 8.7 2.163
19 247 3.207 12.6 2.534
20 264 3.273 159 2.766
21 29.08 3.370 16.2 2.785
22 293 3.378 13.5 2.603
23 30.5 3.418 159 2.766
24 33.1 3.500 18.5 2.918

Following the same procedures described previously for developing a linear correlation curve,
calculate values for the parameters @Nand @N using Equation 11-5; S\ and Sy, using
Equation 11-7; bN using Equation 11-6; and bN using Equation 11-4:

1
%(1589 +2028 + 2054 + K+35) = 2792

fl
1
%(0742 +1065 +1629+K+2918 ) = 2077

y'=

S.. = ((1589 - 2792 ) + (2028 - 2792 )’ + K+(350 — 2792 )2)= 574

S., = (1588 -2792 )(0742 - 2077 ) + (2028 — 2792 1065 - 2077 )+ K+
(350 = 2792 }(2918 - 2077 )= 622

622
b, = ——=10839
574

b = 2077 - (10839 (2792 ) = —09492
The resulting equation is expressed in the following form:
8= b+ b’
For this example, the correlation equation becomes
$'=-09492 +1084 x’

Converting this to the format that yields the predicted PM concentration in the correct units
entails taking the exponential of each side of the equation, as follows:
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Exp(iN) = Exp(-0.9492 + 1.084:N)
i =0.387x'%
In this equation, the coefficient 0.387 is the exponential of -0.9492, the value for bN

How do I determine the power correlation coefficient?

To determine the power correlation coefficient, the predicted PM concentration (iN) must be
calculated for each test run. Table Y-10 shows the predicted PM concentrations calculated using
the linear form (i.c., iIN= AN+ HNN) of the power correlation equation.

Table Y-10. Predicted PM Concentrations Using the Power Correlation Equation

Logarithm of PM Logarithm of PM
PM CEMS CEMS response | concentration,  CEMS response | Predicted PM
response, mA x' =In (x) y =In(y) concentration (iN?
1 49 1.589 2.1 0.742 0.773
2 7.6 2.028 29 1.065 1.249
3 7.8 2.054 5.1 1.629 1.277
4 9.2 2.219 4.8 1.569 1.456
5 10.1 2313 29 1.065 1.557
6 11.06 2.403 6.3 1.841 1.656
10 12 2.485 84 2.128 1.744
11 18.2 2.901 84 2.128 2.196
12 15.7 2.754 49 1.589 2.035
13 13.9 2.632 6.3 1.841 1.903
14 19.7 2.981 13 2.565 2.281
15 21.02 3.045 9.1 2.208 2.352
16 223 3.105 139 2.632 2.416
17 24.1 3.182 8.7 2.163 2.500
19 247 3.207 12.6 2.534 2.527
20 26.4 3.273 159 2.766 2.599
21 29.08 3.370 16.2 2.785 2.704
22 293 3.378 13.5 2.603 2.712
23 30.5 3.418 159 2.766 2.755
24 33.1 3.500 18.5 2.918 2.844

* Calculated using the exponential correlation equation: iIN= 10.9492 + 1.084xN
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The parameter S, is calculated using Equation 11-9 with the predicted values (iN) given in the
above table, and the parameter Sy is calculated following the same procedure used for the
exponential correlation coefficient, as follows:

_ 1 2 2 2)=
S, = \/m((mn - 0742 ) + (1249 - 1065)*+ K+(2844 - 2918 )* ) = 0249

=0643

¢ - \/((0.742 = 2077)" +(1065 - 2077 )’ +K+(2918 - 2077)’)
- 20-1

Substituting the values for S; and S into Equation 11-14, the power correlation coefficient is

_ [ (0249 _
r-1f1 062y =0922

The correlation coefficient for the power model (0.922) is greater than the minimum value
specified by PS-11 (0.85) and is acceptable.

How do I determine the confidence interval half range percentage for the power correlation?

The confidence interval half range for the power correlation is determined using the same
procedures used for the exponential correlation. Because the confidence interval half range is
calculated on the log scale, it is designated as CINfor the exponential model. Using

Equation 11-8, CNis calculated as follows:

, 1
CI' = (2101 )0249) 20 0117

The lower confidence limit (LCIN) and upper confidence limit (UCIN) are calculated using
Equations 11-40 and 11-41, respectively

LCIN=6N-CN=2.077-0.117=1.96
UCIN=@N+ CN=2.077+0.117=2.194

Next, the confidence interval half range (CI) must be calculated on the original PM
concentration scale using Equation 11-42 from PS-11

eUCL’ — eLCL’ 62.194 — 6196
CI = ( 5 ) = ( 5 ) = 0936

The confidence interval as a percentage of the emission limit is calculated using Equation 11-10
as follows:
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0936
Cl% =

x 100% = 468%

The resulting value for CI% is 4.68 percent. Because this value is less than 10 percent, the
correlation satisfies the criterion for confidence interval half range.

How do I determine the tolerance interval half range percentage for the power correlation?

The tolerance interval half range for the power correlation also is calculated using the same
procedure used for the exponential model. Because it is calculated on the log scale, it is denoted
here as TN Using Equation 11-11, TINis calculated as follows:

TIN= k@S, = (1.629)(0.249) = 0.406

The lower tolerance limit (LTIN) and upper tolerance limit (UTLN) are calculated using
Equations11-43 and 11-44, respectively

LTIN=@N- TN=2.077 - 0.406 = 1.671
UTIN=GN+ TIN=2.077 + 0.406 = 2.483

Next, the tolerance interval half range (TT) must be calculated on the original PM concentration
scale using Equation 11-45 from PS-11

UrL _ LTI 2483 _ 1671
(¢ —em) (e —e”)

7] = = =3327
2 2

The tolerance interval as a percentage of the emission limit is calculated using Equation 11-13 as
follows:

3327
11% =

% 100% = 166%

The resulting value for TI% is 16.6 percent. Because this value is less than 25 percent, the
correlation satisfies the criterion for confidence interval half range. In summary, the power
model satisfies the PS-11 criteria for correlation coefficient, confidence interval half range
percentage, and tolerance interval half range percentage.

Which model is the best fit for the data?

Table Y-11 summarizes the results of the analysis for all of the correlation models. As indicated
in the table, all five models met the acceptance criteria specified in Section 13.2 of PS-11. The
linear model had the highest correlation coefficient and would be considered the best fit for the
data. However, any of the models could be used to show compliance. The complete output for
the spreadsheet for this example is provided in Appendix A.1.
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Table Y-11. Summary of Results for Facility A Correlation Test

Confidence Tolerance
Correlation interval half | interval half

Model type Correlation equation coefficient (r) range range
Acceptance Criteria for PS-11 $0.385 #10% #25%
Linear i =-0.621 + 0.544x 0.927 4.49% 15.6%
Polynomial i =0.420 + 0.406x + 0.00368 x* 0.924 6.12% 16.3%
Logarithmic i =-13.8+8.32Ln(x) 0.892 541% 18.8%
Exponential i =231 0.902 5.23% 18.7%
Power i =0.387x"% 0.922 4.68% 16.6%

Y.2 EXAMPLE 2: HOW DO I DEVELOP A CORRELATION WITH PAIRED SAMPLING
TRAIN DATA?

Y.2.1 Correlation Test Scenario

A correlation test is performed on an incinerator at Facility B. The incinerator is equipped with
an in situ PM CEMS that responds to PM concentrations at actual conditions. The emission
limit, when converted to units that are consistent with the PM CEMS sampling conditions, is
24.3 mg/acm. Fifteen test runs are performed using Method 51 with paired sampling trains
(Train A and Train B). No problems were reported for the test. Table Y-12 summarizes the
correlation test data. Figure Y-2 shows a plot of the data.

Table Y-12. Summary of Correlation Test Data for Facility B

PM CEMS PM concentration, mg/acm
Run no. response, mA Sampling Train A  Sampling Train B

1 6.4 1.3 1.2
2 7.5 23 2.5
3 11.2 2.5 2.8
4 16.4 7.7 7.9
5 299 12.9 12.5
6 222 7.8 7.3
7 19.5 5.8 59
8 274 11.7 12.0
9 32.8 20.4 209
10 26.5 20.9 21.3
11 335 22.3 22.6
12 28.1 18.4 17.58
13 9.6 3.7 3.9
14 53 42 43
15 18.1 6.8 7.1
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Figure Y-2. Plot of correlation test data for Facility B.

Should [ average the two PM concentrations for each test run?

You should not average the two PM concentrations for any of the test runs. Instead, you should
treat each PM concentration as a separate data point, as specified in Section 12.3 of PS-11. This
means that for cach run, the data set includes two PM concentrations and one PM CEMS
response value. In other words, the correlation should be developed as if there were 30 test runs
with one PM concentration for each run. Table Y-13 shows the data in the form that should be
used for developing the correlation.

Before proceeding with the correlation, paired sampling train data should be checked for

precision and bias. Guidance on precision and bias is provided separately. For this example, it
is assumed that the data meet the criteria of precision and bias and are acceptable.
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Table Y-13. Paired Sampling Train Test Data in Format
for Developing Correlation

PM CEMS Response, PM Concentration,
Run No. mA me/acm
1A 6.4 1.3
1B 6.4 1.2
2A 7.5 2.3
2B 7.5 2.5
3A 11.2 2.5
3B 11.2 2.8
4A 16.4 7.7
4B 16.4 7.9
5A 299 12.9
5B 299 12.5
6A 222 7.8
6B 222 7.3
7A 195 5.8
7B 195 59
8A 274 11.7
8B 274 12.0
9A 32.8 204
9B 32.8 209
10A 26.5 209
10B 26.5 213
11A 335 223
11B 335 22.6
12A 28.1 18.4
12B 28.1 17.8
13A 9.6 3.7
13B 9.6 39
14A 53 42
14B 5.3 43
15A 18.1 6.8
15B 18.1 7.1
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What are the results of the correlation analysis?

Table Y-14 summarizes the results of the analysis. The complete output for the spreadsheet for
this example is provided in Appendix A.2.

Table Y-14. Summary of Results for Facility B Correlation Test

Confidence Tolerance
Correlation interval half | interval hall

Model type Correlation equation coefficient (r) range range
Acceptance Criteria for PS-11 $0.385 #10% # 25%
Linear i =-3.24 +0.672x 0.895 4.98% 20.0%
Polynomial i =2.85-0.173x + 0.0220 x? 0.919 5.91% 18.0%
Logarithmic i =-17.7 +9.81Ln(x) 0.822 6.37% 25.6%
Exponential | i = 1.43%0%% 0.921 3.80% 15.9%
Power i =0.201x" 0.892 4.41% 18.7%

Which model should I use?

All of the models except the logarithmic model satisfy the acceptance criteria for PS-11. The
logarithmic model fails to meet the minimum allowable correlation coefficient of 0.85. In
addition, the tolerance interval half range percentage for the logarithmic model exceeds the
allowable percentage of 25 percent. Based on the correlation coefficient, the exponential model
is the best fit. However, the linear, polynomial, and power models could also be used.

Y.3 EXAMPLE 3: HOW DO I DEVELOP THE INITIAL CORRELATION?

Y .3.1 Correlation Test Scenario

A correlation test is performed on a hazardous waste incinerator at Facility C. The incinerator is
equipped with an extractive PM CEMS that extracts and heats the samples to 121°C (250°F).
The incinerator is subject to 40 CFR 63, subpart EEE, and must meet an emission limit of

34.0 mg/dscm corrected to 7 percent oxygen. Fifteen test runs are performed using a Method 5
sampling train. The average stack gas pressure, moisture content, and oxygen content during the
test were 760 millimeters of mercury, 12 percent moisture, and 10 percent oxygen, respectively.
No problems were reported for the test, and all data points will be used for the correlation.

Table Y-15 summarizes the correlation test data. Figure Y-3 shows a plot of the data.
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Table Y-15. Summary of Correlation Test Data for Facility C

Run no. PM CEMS response, mA PM concentration, mg/acm

1 5.8 3.5
2 7.6 9.0
3 7.8 7.8
4 16.4 252
5 10.1 16.6
6 11.1 14.3
7 12.0 19.6
8 13.2 20.1
9 15.7 23.4
10 17.6 26.7
11 21.7 26.8
12 21.0 28.9
13 22.3 25.7
14 24.1 26.2
15 24.7 26.2
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Figure Y-3. Plot of correlation test data for Facility C.
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Do I need to convert the emission limit to other units for determining compliance with PS-11?

As indicated in Section 13.2 of PS-11, you must convert the emission limit to units that are
consistent with the measurement conditions of your PM CEMS. For this example, you must
convert the emission limit, which is specified in units of mg/dscm at 7 percent oxygen, to match
the conditions under which the PM CEMS is operating. The following calculations show this
conversion:

S@7%0, — — —
0 Lw B[ Ml (209 —%02)
= 1007
where
Csamo, = PM concentration at standard conditions, corrected to 7 percent oxygen
T, = stack gas temperature at actual conditions, °K
Ty = stack gas temperature at standard conditions = 293°K
P4 = stack gas pressure at standard conditions = 760 mm of Hg
P, = stack gas pressure at actual conditions, mm of Hg
mc = stack gas moisture content, %
%0, = stack gas oxygen content, %.
40 = C (121+273) x;760;x§j 1 Zx 139
“ 203 T760° [, _ 127 (209 -10)
21004

340 =195C,
C, = 1745

The emission limit in units of concentration at the operating conditions of the PM CEMS is
17.45 mg/acm. This is the value that must be used for determining the confidence and tolerance
interval half range percentages.

What are the results of the correlation analysis?

Table Y-16 summarizes the results of the correlation analysis. Only the logarithmic model
satisfies all of the acceptance criteria for PS-11. The correlation coefficient for the exponential
model (0.812) fails to meet the minimum allowable value of 0.85. The confidence and tolerance
interval half range percentages for the linear model (11.3 and 35.6 percent, respectively) exceed
the limits of 10 and 25 percent, respectively. For the power model, the confidence interval
(14.3 percent) and tolerance interval (46.4 percent) half range percentages also exceed the
maximum allowable values.
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Table Y-16. Summary of Results for Facility C Correlation Test

Confidence Tolerance
Correlation interval half  interval half
Model type Correlation equation coefficient (r) range range
Acceptance Criteria for PS-11 $0.385 #10% # 25%
Linear i =227+ 1.15x 0.898 11.3% 35.6%
Polynomial i =-18.4+430x-0.101x" 0.987 5.56% 13.4%
Logarithmic i =-24.4+16.8Ln(x) 0.959 7.32% 23.1%
Exponential | i =5.26¢%7% 0.812 19.9% 66.5%
Power i =0.747x"% 0.908 14.3% 46.4%

The polynomial model has the highest correlation coefficient (0.987) and meets the criteria for
confidence and tolerance interval half range percentages. However, Section 12.4(3) of PS-11
specifies that the maximum value for a polynomial correlation curve must occur at a PM CEMS
response value that is at least 1.25 times the highest PM CEMS response value used to develop
the correlation equation. In this example, the maximum PM CEMS response value is 24.7 mA,
and the maximum value for the correlation curve must occur at a PM CEMS response value of at
least 32.4 mA (24.7 x 1.25 = 30.88). However, the maximum value for the polynomial
correlation curve occurs at 21.2 mA, as is evident from Figure Y-4. Therefore, the polynomial
model cannot be used. The complete output for the spreadsheet for this example is provided in
Appendix A.3.

Plot of Polynomial Regression Curve
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Figure Y-4. Plot of polynomial correlation curve for Facility C.
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Y 4 EXAMPLE 4. WHAT CANIDO IF MY PM CEMS FAILS THE CORRELATION
TEST?

Y .4.1 Correlation Test Scenario

A correlation test is performed on a boiler at Facility D. The boiler is equipped with an in situ
PM CEMS that responds to PM concentrations at actual conditions. The emission limit, when
converted to units that are consistent with the PM CEMS sampling conditions, is 18.5 mg/acm.
The correlation test consists of 15 test runs using a single Method 5 sampling train. Table Y-17
summarizes the correlation test data. Figure Y-5 shows a plot of the data.

Table Y-17. Summary of Test Data for Facility D

PM CEMS response, PM concentration,
Run no. mA mg/acm

1 6.7 3.1
2 7.6 7.4
3 7.8 2.1
4 9.2 3.7
5 10.1 6.1
6 11.1 2.8
7 12.0 49
8 18.2 8.3
9 13.7 4.5
10 14.6 8.2
11 19.7 13.0
12 18.0 11.1
13 20.3 11.9
14 20.2 10.6
15 19.7 9.2
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Figure Y-5. Plot of correlation test data for Facility D.

The results of the correlation analysis are summarized in Table Y-18. None of the models satisfy
all of the correlation criteria specified in PS-11. Although all of the models meet the criteria for
confidence and tolerance interval half range percentages, only the polynomial model has an
acceptable correlation coefficient. However, the polynomial correlation curve has a minimum x
value of 7.05 that is greater than the minimum PM CEMS response (6.7 mA for Run 1) value
used to develop the correlation curve. As stated in Section 12.4(3)(ii1) of PS-11, a polynomial
correlation curve cannot be used if it has a minimum value that exceeds the minimum PM-
CEMS response value used to determine the correlation curve. Consequently, the polynomial
correlation also is unacceptable.

Table Y-18. Results of Initial Correlation for Facility D

Confidence Tolerance
Correlation interval half | interval half

Model type Correlation equation coefficient (r) range range
Acceptance Criteria for PS-11 $0.385 #10% # 25%
Linear i =-1.20+0.598x 0.841 5.80% 18.3%
Polynomial i =6.19-0.615+0.0436x° 0.855 7.68% 18.2%
Logarithmic i =-11.8 +7.37Ln(x) 0.801 6.41% 20.2%
Exponential i =1.69¢"%% 0.806 6.41% 21.3%
Power i =0.308x"" 0.782 6.76% 22.6%
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Several options are available for meeting the requirements of PS-11, including the following:

m  Repeat the correlation test: If you suspect problems with the manual sampling or the
operation of the PM CEMS, you may want to discard all of the test data and conduct
a new correlation test. In such a case, there must be a valid reason for rejecting the
entire data set. For example, you determine that several of the PM samples were
contaminated. You still must report all of the rejected data.

®  Conduct additional test runs. You may want to conduct a limited number of
additional test runs (e.g., five additional runs) if it appears that some of the data are
outliers, problems are suspected for some of the runs, or the range of PM
concentrations measured was not adequate to fully characterize the correlation. In
this case, you can develop the correlation based on all of the data (i.e., the initial 15
runs plus the additional runs), or you can reject some of the test runs, provided you
meet the requirements of Section 8.6(3) of PS-11, which allows you to reject up to
five test runs without explanation and additional runs if the basis for rejecting them is
specified in the test method, in PS-11, or in your quality assurance plan.

®m  Relocate the PM CEMS and conduct a new correlation test: If the sampling location
is not ideal (e.g., PM concentrations are stratified across the stack at the sampling
point), you may want to consider relocating the PM CEMS to another location that is
more suitable. In this case, you must conduct a full correlation test (i.e., at least 15
valid test runs).

m  Replace the PM CEMS: Certain types of PM CEMS may not be suitable for specific
stack gas conditions (e.g., an in situ light scattering instrument in a wet stack). If that
is the case, you may decide to install a PM CEMS that uses a different measurement
principle. If so, you must conduct a full correlation test with the new instrument.

®m  Consider alternative solutions: Section 12.4(4) allows you to petition the regulatory
authority for approval of alternatives to the correlation requirements of PS-11.

For this example, we will assume that you decide to conduct five additional test runs. These
runs are identified as Runs 16 to 20. Table Y-19 shows the results of the additional runs. Figure
Y-6 shows the results of all 20 test runs.

Table Y-19. Results of Additional Test Runs

PM CEMS response, PM concentration,
Run no. mA mg/acm

16 5.2 2.4
17 8.6 4.8
18 14.1 6.2
19 14.5 7.0
20 17.3 8.6
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Run 2 N ¢

PM Concentration, mg/acm

0 1 1 1 1
0 5 10 15 20 25

PM CEMS Response, mA

Figure Y-6. Plot of original 15 runs plus 5 additional runs for Facility D.

Table Y-20 shows the results of the correlation analysis on all 20 test runs. The analysis shows
that the linear and polynomial models meet the correlation criteria of PS-11, and no further
analyses or testing is required. With the additional data included, the minimum value for the
polynomial correlation curve now occurs at 4.2 mA, which is less than the minimum PM CEMS
value used to develop the curve (5.2 mA). However, a review of Figure Y-6 indicates that Run 2
(7.4 mA, 7.4 mg/acm) may be an outlier. You may decide to repeat the correlation analysis with
Run 2 excluded. Table Y-21 shows the results of the analysis without the data from Run 2. In
the revised analysis, all five models meet the criteria of PS-11. The correlation coefficients for
the linear and polynomial models also are considerably greater for the revised analysis. You
have the option of using the results of either analyses. In either case, the polynomial model
provides the best fit; however, any of the models that satisfy all of the correlation criteria in PS-
11 can be used.

Table Y-20. Results of Revised Correlation Analysis with All 20 Runs

Confidence Tolerance
Correlation interval half | interval half

Model type Correlation equation coefficient (r) range range
Acceptance Criteria for PS-11 $0.385 #10% # 25%
Linear i = -0.905+ 0.573x 0.861 4.25% 14.7%
Polynomial i = 3.94-0263x+0.0314x" 0.875 5.47% 14.4%
Logarithmic i = -9.79 + 6.57Ln(x) 0.816 4.82% 16.7%
Exponential | i = 1.70e%> 0.840 4.52% 16.3%
Power i =0367x"! 0.824 4.73% 17.0%
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Table Y-21. Results of Revised Correlation Analysis with Run 2 Excluded

Confidence Tolerance
Correlation interval half | interval half

Model type | Correlation equation coefficient (r) range range
Acceptance Criteria for PS-11 $0.385 #10% # 25%
Linear i =-1.88 +0.629x 0.912 3.63% 12.4%
Polynomial i =2.19-0.067x +0.026x2 0.921 4.54% 12.1%
Logarithmic i = -11.7+7.24Ln(x) 0.867 4.40% 15.0%
Exponential i =1.41¢10% 0.909 3.63% 12.6%
Power i =0251x" 0.894 3.90% 13.6%

The complete output of the spreadsheet for the initial correlation, the correlation with all five
additional test runs, and the correlation with Run 2 excluded are provided in Appendices A .4
through A.6.
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Appendix A.1

Complete Results of Example No. 1 —
Initial Correlation Test



CORRELATION TEST PM CEMS AND REFERENCE METHOD TEST DATA

R5-2014-0104710000333

PMCEMS [ PM concentration
response mgfacm

Run X y
1 49 2.1
2 16 29
3 78 5.1
4 9.2 48
5 10.1 29
b 11.1 6.3
10 12.0 84
11 18.2 84
12 15.7 49
13 13.9 6.3
14 19.7 13.0
15 21.0 9.1
16 223 13.9
17 241 8.7
19 247 126
20 264 15.9
21 29.1 16.2
22 293 135
23 305 15.9
24 331 18.5

PS-11 Example 1-R 10-27-04.xIs

Facility: Facility A
Location: Anytown USA
Emission Unit:  Boiler No. 3
Test Dates: March 6 to 15, 2004
Value  Units
Emission limit: 20 mglacm
20
18 - ¢
16 1 ¢ ®e
§ 1
- ¢
¢
£ 12 ¢
510
9104
c A
1 ¢
8 8
= 61 ¢ ¢
o é é
1] ¢
)
2 ¢
0 I I ) ) 1 1
0.0 50 100 150 200 250 300 350
PM CEMS Response
Page 1 of 1
Test Data 10/29/2004
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CALCULATIONS FOR LINEAR CORRELATION

Facility:  Facility A Emission Unit: Boiler No. 3
Location: Anytown USA Test Dates: March 6 to 15, 2004
PM CEMS | PM concentration
response mg/acm CALCULATED STATISTICAL PARAMETERS
Rn | X y 0 |y [ 0w )| v | o
1 49 21| 185.86 54.32 100.48 2.047 0.003
2 76 29[ 11953 4316 7183 3.517 0.381
3 78 5[ 11520 19.10 46.90 3.626 2172
4 9.2 48] 8710 21.81 4359 4,388 0.169
5 10.1 29 7112 4316 5540 4.878 3914
b 11.00 6.3 5585 10.05 2369 5401 0.808
10 12 84| 4268 114 6.99 5913 6.185
11 18.2 8.4 0.11 114 0.36 9.289 0.790
12 15.7 49 8.03 20.88 12.95 7.928 9.166
13 13.9 63 2146 10.05 14.69 6.947 0.419
14 19.7 13 1.36 1246 412 10.105 8.379
15 21.02 9.1 6.19 0.14 -0.92 10.824 2973
16 22.3 139] 1419 19.62 16.69 11.521 5.660
17 241 87 3099 0.59 -4.29 12,501 14,448
19 24.7 126] 38.03 9.80 19.30 12.828 0.052
20 26.4 159] 6180 41.34 50.58 13.753 4,608
21 29.08 16.2] 111.24 45.29 70.98 15.213 0.975
22 29.3 135  115.93 16.24 4339 15.332 3.357
23 305 159 1432 41.34 76.95 15.986 0.007
24 3.1 185 21220 81.54 131.54 17401 1.207

Page 10f 1
PS-11 Example 1-R 10-27-04 .xis Linear Calcs 10/29/2004
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RESULTS OF LINEAR CORRELATION

Facility: Facility A Emission Unit: Boiler No. 3
Location: Anytown USA Test Dates; March 6 to 15, 2004
[Correlation equation: y= 062+ 0544 x|
Variable Equation Value
n Number of data points = 20 Summary of Acceptance Criteria for PS-11
X x~=1n*Sumof (x))=|  18.53 Criterion Actual | Allowable |Acceptable?
S, S, = Sum{(x-x~)2)=| 1442 Coelation coefficient 0927 | 208 yes
y y~= 1nSumof (y)=| 947 Confidence interval 449% | <10% yes
Sy Sy = Sum(ly-y~r2)=| 493 Tolerance interval 156% | <25% yes
Sy S,y = Sum(fxex~)y-y~))=| 7852 * Indicates comsation coefficient is undefined.
by by=y~bx~= 0621
b, by=8y/S,= 0544 _ o
s S, = SORT(IN 2S5 2) =] 1910 Plot of Linear Regression Line
¥ rean y*atmeanxvalue=|  9.470 20
" \fomtable=| 2101 5 §=0545- 06207 1
cl Cl=t*S*SQRT(1n)=| 0897 -Z
EL Emission Umit=| 200 8 10
Cl% Cl%=CIEL*100%=|  4.49% d 5 )
n n=n= 20 £
v vfromtable=|  1.384 0 —
" CTomEes| 177 00 50 100 150 200 250 300 30
PM CEMS Response
ke k=u"v=| 1629
Tl TI=k'S.=| 3111
T1% T1%=TVEL*00% =|  15.6%
S S, = SQRT(S,/[n-1))=|  5.005 PS-11 Correlation Test
r r= 1-(SLA2/SY"2) = 0859 Calculation Spreadsheet
[ r=S8QRT((1-5,"2/8,"2))=| 0.927 Version2-6 10125104

*Indicates correlation coefficient is undefined.

PS-11 Example 1-R 10-27-04 xIs Linear Summary Linear Summary



R5-2014-0104710000333

CALCULATIONS FOR POLYNOMIAL CORRELATION

Facility: Facility A Emission Unit: Boiler No. 3
Location: Anytown USA Test Dates: March 6 to 15, 2004
PM CEMS | PM concentration
response mg/acm CALCULATED STATISTICAL PARAMETERS
Run X y X X X Xy x2y v (y"-y)2 delta (yi-y~)2 Cl
1 49 2.1 24 118 578 10 50| 2497 0157 03817 5.3 254
2 76 29 58 439 3,33 22 168 3717 0667 04727 4316 17
3 78 5.1 61 475 3,702 40 10| 3809 1667 | 0.16%4 1910  1.66
4 9.2 48 85 779 7,164 44 406 | 4465 0112 04162 2181 140
5 10.1 29 102 1,030 10,406 29 296 48% 3975 00985 4346 130
8 11.08 6.3 122 1,383 14,983 70 771 5358 0887 00908 1005 1.4
10 12 84 144 1728 20,736 101 1210 5819 6660 | 00884 114 122
1 18.2 84 | 8029 109,720 153 2782 90M 0390 041202 1414 143
12 157 49 246] 3870 60,757 7| 1208] 76% 7828 | 01084 2088 136
13 119 6.3 193 2686 37,330 g8l 1217 6.7 0222 00960 1005 127
14 197 13 38| 7645 150614 256| 5045| 9842 9972 01204 1246 143
15 21.02 9.1 4421 9287 195,223 191 4021 10.576 2178 01162 014 140
16 223 139 497 11080 247297 30| 6912 11.299 6764 | 0.1092 1962 136
17 241 87 581| 13998 337340 210 5053 12337) 13229 00985 059 129
19 4.7 126 810 15,069 312210 3| 7687| 12688 0.008| 00959 980 127
20 264 159 897 18400| 485753 420| 11,082( 13.698 4849 | 00980 4.3 17
21 29.08 16.2 846 24,591 715,118  471] 13699 15.333 0752 01417 45200 155
2 29.3 135 858 25154 737005 39| 11590( 15469 3879 0.1482 16.24] 159
23 305 15.9 930 28373| 8B5365| 485| 14791 16.221 0.103| 02046 41.34] 186
24 331 185 10%| 36265| 1200361 612 20269| 17.884 0379 04312 8154 270

Page 1 of 1
PS-11 Example 1R 10-27-04.xls Polynomial Calcs 10/29/2004
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RESULTS OF POLYNOMIAL CORRELATION

Facility:  Facility A Emission Unit: Boiler No.
Location: Anytown USA Test Dates: March 6 to 15, 2004
Variable Equation Value Correlation equation: y= 0420+ 0406 x + 000368 S
n Number of data points = 20
S, S1=Sum (xij = n Summary of Acceptance Criteria for PS-11
S §2=Sum (xi2) = 8312 Criterion Actual | Allowable | Acceptable?
S, S3=Sum(d3)=| 208377 |Comslation cosfficient 0924 | 2085 yes
S S4=Sumfxid)=| 5574977| | Confdence interval 612% | <10% yes
S §5=Sum (yi) = 189 | Tolerance interval 183% | <25% yes
S S6 = Sum (xiyi) = 4295 *Indicates correlation coefficient is undefined.
$ S7 = Sum (xi2yl) = 108,567
det A det A =n8254-523252+815352-5383n+528183-848181 = | 2120E+09 Check for Correlation Curve Minimum/Maximum
by h0 = (855254+515357+525653-578252-535385-34565 1 et A = 0420 Correlation curve minimum point -55.08
b; b1 = (nS654+858382+325157-528652-5783n-843185)/det A = 0.406 Minimum allowable x value 49
b h2 = (nS257+515652+555153-528285-5356n-78181)/det A = 0.00368 Is correlation curve minimum < minimum x value? yes
S §; = Sqrt{(/(n-3)Sum of (y"-Y)2) = 1,951 Correlation curve maximum point NA
D D =n(5284- 53’ #51(5382-5154)+82(5153- 52’ )=|  2120E408 Extrapolation imit for x (125% of maximum x value) NA
¢, C0=(8284.83)D = 1375 |ls comslation curve maximum > extrapolation limit? NA
¢ C1 (8382 $184)D = {.1578
C, (5133 -S2)D=|  3846E-03
C, T=(SESD = 2.001E02 Plot of Polynomial Regression Curve
¢ C4=(5182-n83)D=| -5.126E-04 .
C; C5=(nS2:81°)D=|  1360E05 18 4 y=0.0037,¢ + 0.4057x + 0.4204
L tfromtable = 2110 § 161
L Ermission Limit = m | B
Cl Cl=1S, "sqrt{delta-min) = 1223 § zg
Cl% (1% = CI/EL100= 6.12% £ 8.
" v;from table = 1400 O 64
n u, from table = 1195 g 4]
] S ‘] -
i Mtz 169 00 50 100 150 20 B0 M0 B0
Tl Ti=kt'sp= 3.283
T% T1% = TIEL 100% = 16.3% PAt CEMS Response
y~ y~ = 1n*(Sum of (yi)) = 047
S, Sy = sart(Sum of { yi-y~P2(n-1) = 5.09
r = 1-(8,"2/8y"2) = 0.853
r r=sqr((1-5,"28y"2)) = 0924
Max-min? By> 071 minimum PS-11 Comrelation Test
pA— y=-by2by= -55.08 Calculation Spreadsheet
1.25% ay 4138 Version 2-8 10125/04

* Indicates correlation coefficiant is undefined.

PS-11 Example 1-R 10-27-04.xis Polynomial Summary 111112004
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CALCULATIONS FOR LOGARITHMIC CORRELATION

Facility:  Facility A Emission Unit; Boiler No. 3
Location: Anytown USA Test Dates: March 6 to 15, 2004
PM CEMS response PM concentration
Measured | Transformed mg/acm CALCULATED STATISTICAL PARAMETERS
Run X x=h(x) y 0| o) )y | O
1 49 1.589 21 1446 54.317 8.863 -0.539 6.964
2 76 2.028 29 0583 43.165 5017 3114 0.046
3 78 2.054 51 0544 19.097 3.224 3.330 3132
4 9.2 2219 48] 0328 21.809 2,674 4704 0.009
5 10.1 2313 29 0230 43.165 3.149 5.481 6.661
6 11.06 2403 63 0151 10.049 1.231 6.237 0.004
10 12 2485 84 0.094 1.145 0.328 6.916 2.203
11 18.2 2.901 84 0012 1145 0117 10.382 3.929
12 15.7 2.754 491  0.001 20.885 0.174 9.152 18.083
13 13.9 2632 6.3 0.026 10.049 0.507 8.139 3.382
14 19.7 2.981 13 0.036 12.461 0.666 11.041 3.836
15 21.02 3.045 9.1 0.064 0137  -0.004 11.581 6.156
16 223 3.105 139 0.098 19.625 1.386 12.073 3.338
17 24.1 3.182 871 0.152 0593  -0.301 12.719 16.154
19 247 3.207 126 0172 9.797 1.299 12.924 0.105
20 26.4 3273 159 0232 41,345 3.096 13478 5.867
21 29.08 3370 162 0334 45293 3.891 14.283 3.677
22 29.3 3.378 135 0343 16.241 2.361 14.345 0.714
23 305 3418 159 0392 41,345 4.025 14,679 1490
24 33.1 3.500 185 0501 81.541 6.391 15.360 9.858
Page 10f 1

PS-11 Example 1-R 10-27-04 xIs Logarithmic Calcs 10/29/2004



RESULTS OF LOGARITHMIC CORRELATION
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Facility: Facility A Emission Unit: Boiler No. 3
Location: Anytown USA Test Dates: March 6 to 15, 2004
[Correlation equation: y= -13.766 + 8323  Ln(x) |
Variable Equation Value
n Number of data points = 20 Summary of Acceptance Criteria for PS-11
X X~=1/n*Sumof (x) = 2.79 Criterion Actual Allowable Acceptable?
S S 'Sum((x X~f2)=| 574 |Correlation coefficient | 0892 >085 yes
y y~= 1/m*(Sum of {y)) = 95 Confidence interval 5.41% <10% ves
Sy Sy = Sumyy~)2)=| 493 Tolerance interval 18.8% <25% yes
Sy Syy = SUM((XiX~)(y-y~)) = 478 * Indicates comelation coefficient is undefined.
by Dy =y~bx~=| -13.766
by b= SX'Y/ Spev| 8323 Plot of Logarithmic Regression Curve
S, S, = SQRT(1/(n-2)(Sum{y y)2) =|  2.305
Ve yatmeanxvalue=|  9.470 20 ;
t tfomtable=| 2101 £ 15 ) Y =8:3220Lnx) - 13.766 ¢ be
Cl Cl=t*S*SQRT(1n)=|  1.083 8
L Emsson iz 200 | §
Cl% Cl%=CIEL*100% =|  541% § 51
n n=n= 20 ; 0 /
W i from table =)  1.384 " 50 w0 0 om0 %m0 om0
Uy U fomtable=| 1177 3
ke k=u"= 169 PM CEMS Response
Tl TI=k'SL= 375
T1% TI%=THEL*100% =]  18.8%
5, §,=SQRT(S,/n-1))=|  5.095 PS-11 Correlation Test
r r= 1482/8/2)=| 0795 Caloulation Spreadsheet
r r=SQRT((1-8,"2/8,"2))=| 0.892 Version 2-6 10125104
* Indicates correlation coefficient is undefined.
PS-11 Example 1-R 10-27-04.xIs Logarithmic Summary 10/29/2004
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CALCULATIONS FOR EXPONENTIAL CORRELATION

Facility:  Facility A Emission Unit; Boiler No. 3
Location:  Anytown USA Test Dates: March 6 to 15, 2004
PM concentration
PM CEMS mg/acm
response | Measured | Transformed CALCULATED STATISTICAL PARAMETERS
Run X y yelay) | o) | o) {0y | v |
1 49 2.1 0.742| 18586] 1.782 18198 1164 0178
2 76 2.9 1005 11953 1.0 11.005] 1345 0.078
3 78 51 1629 11520  0.200 4804|  1.358 0.074
4 92 48 1569 87.10 0258 4743 1452 0.014
5 10.1 29 1085 7112 1.0 8535 1512 0.200
6 11.06 6.3 1841 5585  0.056 1.766|  1.576 0.070
10 12 84 2128| 4268  0.003 -0.336] 1639 0.239
11 18.2 84 2128 0.11f  0.003 0.017]  2.055 0.005
12 15.7 49 1.589 8.03| 0238 1381  1.887 0.089
13 13.9 6.3 1841  2146]  0.056 1.005(  1.767 0.005
14 19.7 13 2.565 136 0238 0570 2155 0.168
15 21.02 9.1 2.208 6.19] 0.017 0327 2243 0.001
16 223 139 2632 1419 0308 2001 2329 0.092
17 24.1 8.7 2.163] 3099  0.007 0482 2450 0.082
19 24.7 126 2534  38.03[ 0209 2818 2490 0.002
20 264 159 2.766| 61.89 0475 5424 2604 0.026
21 29.08 16.2 2785 111.24| 0502 7469 2783 0.000
22 293 135 2603] 11593 0277 5662 2798 0.038
23 305 159 2766 14321 0475 8251 2878 0.013
24 331 18.5 2918] 21220  0.707 122500  3.052 0.018

Page 10f 1
PS-11 Example 1-R 10-27-04 xIs Exponential Calcs 10/29/2004
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RESULTS OF EXPONENTIAL CORRELATION

Facility:  Facility A Emission Unit. Boiler No. 3
Location:  Anytown USA Test Dates: March 6 to 15, 2004
Correlation equation: y= 2306e 00610 x
Variable Equation Value
n Number of data points = 20 Summary of Acceptance Criteria for PS-11
X x~=1n*Sumof (g} =| 1853 Criterion Actual Allowable | Acceptable?
S, Sy = Sum{{x-x~)2)=| 14422 Correlation coefficient 0.902 2085 yes
y y~= ' Sumof(y))=| 2077 Confidence interval 5.23% <10% yes
Sy Syy = Sum((yy~1'2) = 786 Tolerance interval 18.7% <25% yes
Sy Sy = Sum{{x-x~yry~) = 9.58 * Indicates correlation coefficient is undefined.
by by =y~bx~=| 0836
b, by=e'by'=| 2306 , _
b, =5y, 7| 0067 Plot of Exponential Regression Curve
S S, =SQRT((n-2)(Sum(y ™y 20 =| 0278 %
YA y" at mean x value = 2077
8 tfiomtable=| 2101 20 y= 9 3064e" %
cl Cl'=t/SL*SQRT(1m)=|  0.1307 ¢ ¢
LCL LCU=y~-CI] 1946 E 15
ucL UCL'=y~'+Cl] 2207 g
cl Cl=(e\UCL'-eMCLY2| 1045 ‘5’ A
EL Emission Limt=] 200 0 01
Cl% Cl%=CIEL'100% =]  5.23% 2
N n=n= 20 51
Vi vifromtable=|  1.384
Uy Uy fromtable=| 1177 0 : , , : , ,
kr kr=uv=| 1629 00 50 100 150 W0 B0 N0 O
T Tr=k'SL=| 0453 PM CEMS Response
AN (Tl=y-T1 1624
UL UTU'=y~+TI] 2530
Tl Ti={UTL-eMTLY2| 3740
T1% T1%=TUEL"100%=|  18.7%
Sy Sy=SQRT(Syf(n-1)) = 0643 PS-11 Correlation Test
r = HSL28,/2)=| 0813 Calculation Spreadsheet
I r="SQRT((1-SL"2/8,"2)) =| 0.902 Version 26 10/25/04

*Indicates correlation coefficient is undefined.

PS-11 Example 1-R 10-27-04.xis Exponential Summary 1012612004
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CALCULATIONS FOR POWER CORRELATION

Facility:  Facility A Emission Unit: Boiler No. 3
Location: ~ Anytown USA Test Dates: March 6 to 15, 2004
PM concentration
PM CEMS response mglacm
Measured | Transformed | Measured | Transformed CALCULATED STATISTICAL PARAMETERS
Run X X = Lnx) y y=loly) | x| 6 {0 v | Y
1 49 1.589 2.1 0.742] 1446 1782 1605 0773 0.0010
2 76 2.028 29 1.085 0583 1.024 0.773)  1.249]  0.0340
3 18 2.054 51 1620 0544 0200 0330 1.2717) 01239
4 92 2219 48 1569 0328 0.258 0.201] 1456  0.0126
5 10.1 2313 29 1.085] 0230 1.024 0485 1557  0.2427
6 11.06 2403 6.3 1841 0451  0.0%6 0.002] 1656  0.0342
10 12 2485 84 2128 0.094] 0003 0016  1.744]  0.1475
11 18.2 2.901 84 2128 0.012) 0,003 0.006] 2196  0.0045
12 15.7 2.754 49 1589 0001 0238 0.019] 2035  0.1991
13 139 2632 6.3 1841  0.026] 0.056 0.038] 1.903]  0.0040
14 19.7 2.981 13 2565 0036 0238 0.002] 2281  0.0804
15 21.02 3.045 9.1 2208 0064 0017 0.033] 2352  0.0206
16 223 3105 13.9 2632 0.098 0308 0174)  2416)  0.0467
17 24.1 3182 87 2163 0152 0.007 0.034] 25000 0.1133
19 24.7 3.207 126 253 0172] 0209 0.190] 25271 0.0001
20 26.4 3.213 15.9 2766) 0232) 0475 0.332] 2599  0.0281
21 29.08 3.370 16.2 2785 0334 0502 0410) 2704)  0.0066
22 29.3 3.378 135 2603 0343 0277 0308 2712  0.0119
23 30.5 3418 15.9 2766) 0392] 0475 0432) 2785  0.0001
24 331 3500 185 2918 0501 0707 0595 2844  0.0055
Page 10f 1
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RESULTS OF POWER CORRELATION
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Facility:  Facility A Emission Unit: Boiler No. 3
Location: Anytown USA Test Dates: March 6 to 15, 2004
Correlation equation: y= 03870 x 10838
Variable Equation Value
n Number of data points = 20 Summary of Acceptance Criteria for PS-11
X" K~=1n'Sumof (x))=| 2792 Criterion Actual Allowable Acceptable?
S Sy = Sum{(x-~p2)=| 574 Conelation coefficient 0922 2085 yes
Y y~=1n*(Sumof (y)) = 2,077 Confience interval 4.68% <10% yes
Syy Syy = Sum(iywy~y2)= 786 Tolerance interval 16.6% <25% yes
Sy Sep = Sum((X X~y =) 622 * Indicates correlation cosfficient is undefined.
bo' bg’ = y'~-b1X~ =l 0949
bo bo = eAbg’ = 0387
b, b.=8/S,y=| 1084
8, S, = SQRT(H/(n-2)(Sum{y Ayy*2)) =|  0.249 Plot of Power Function Regression Curve
Y nean y™at mean x value =|  2.077 .
& t:fromtable = 2,101 s
cl Cl=t*SL*SQRT(1)=[ 0.117 ”
LCL LCL'=y~-CIl 1960 5 n
UcL' UCL'=y~'+CI| 2194 I 0
Cl Cl=(g*"UCL'- e"LCLY2| 0.936 § 0
EL Emission Limt=| 200 2™
Cl% Cl% =C/EL*100% =| 4.68% 3 &
r n=n= 20 E 81
v v:fromtable =[ 1,384 4
Uy uyfrom table =] 1.477 21
kT kT - un'*vf - 1629 0 T T T T T T
- 00 50 100 150 200 250 300 30
T T'=k8.=| 0406 —
K U=y 11| 1671 esponse
UTL' UTL' =y~'+TI| 2483
Tl Ti=(e"UTL -e"LTL)2[  3.327
T1% Ti% = TUEL*100% =| 16.6%
S, Sy = SQRT(Syyl(n-1)) = 0.643 PS-11 Corelation Test
r = 1481 52)=| 0.850 Caloulation Spreadshest
r r=SQRT((1-8L"2/8,/2)) =| 0922 Version 26 10125104

“Indicates correlation coefficient is undefined.

PS-11 Example 1-R 10-27-04.xis

Power Summary

10/26/2004



R5-2014-0104710000333

SELECTION OF BEST MODEL
Facility: Facility A Emission Unit: Boiler No. 3
Location:  Anytown USA Test Dates: March 6 to 13, 2004
Model Corrgtatnon >0857 Conficence interval <10%? Tolerance interval half <25%7 Min/max within | Does mc‘)de‘t meet all
coefficient (a) half range percentage range percentage allowable range? criteria?
Linear 0.927 Yes 4.49% Yes 15.6% Yes (b) Yes
Polynomial 0.924 Yes 6.12% Yes 16.3% Yes Yes Yes
Logarithmic 0.892 Yes 5.41% Yes 18.8% Yes (b) Yes
Exponential 0.902 Yes 5.23% Yes 18.7% Yes (b) Yes
Power 0922 Yes 4.68% Yes 16.6% Yes (b) Yes
(a) *indicates correlation coefficient is undefined; mode! does not satisfy criterion.
(b) Not applicable; criterion applies only to polynomial model.
Best model: Linear

PS-11 Correlation Test
Calculation Spreadsheet
Version 2-6 10/25/04

PS-11 Example 1-R 10-27-04.xis Best Mode! 10/29/2004
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Appendix A.2

Complete Results of Example No. 2 —
Initial Correlation Test



CORRELATION TEST PM CEMS AND REFERENCE METHOD TEST DATA

R5-2014-0104710000333

PMCEMS | PM concentration
response mg/acm

Run X y

1A 64 13
1B 64 12
2A 15 23
2B 75 25
3A 112 25
3B 11.2 28
4A 164 17
4B 164 79
5A 299 12.9
58 29.9 125
6A 222 78
6B 222 7.3
TA 195 58
B 19.5 59
8A 274 "7
8B 274 12
9A 328 204
9B 328 209
10A 265 209
10B 26.5 213
11A 335 22.3
11B 335 226
12A 281 184
128 23.1 178
13A 96 37
138 96 39
14A 53 42
14B 53 43
15A 18.1 6.8
158 18.1 71

PS-11 Example 2R 10-27-04.xIs

Facility: Facility B
Location: Anytown USA
Emission Unit:  Incinerator
Test Dates: April 3 to 6, 2003
Value  Units
Emission limit: 24.3 mglacm
25
' ¢
20 1
§ s
£ 15
: :
§10 .
¢ ¢
; ', !
o ¢
¢
¢ ¢
é
O ) ) I | | | 1
00 50 100 150 200 250 300 3.0 400
PM CEMS Response
Page 1 of 1
Test Data 10/29/2004



R5-2014-0104710000333

CALCULATIONS FOR LINEAR CORRELATION

Facility:  Facility B Emission Unit: Incinerator
Location: Anytown USA Test Dates: April 3 to 6,2003
PM CEMS | PM concentration
response mg/acm CALCULATED STATISTICAL PARAMETERS

R | x y |y ) |y ]

1A 6.4 13 17494 74.94 114.50 1.065 0.055
1B 6.4 12| 17494 76.68 11582 1.065 0.018
2A 75 23| 147.06 58.62 92.85 1.805 0.245
2B 75 25 147.06 55.60 9042 1.805 0.483
3A 1.2 250 01 55.60 62.83 4,292 3211
3B 1.2 28] 101 51.22 60.31 4,292 2.226
4A 16.4 770 1041 5.09 7.8 7.788 0.008
4B 16.4 79 1041 423 6.64 7.788 0.013
5A 29.9 129] 10554 8.66 30.24 16.863]  15.703
5B 29.9 125 10554 6.47 26.13 16.863]  19.034
6A 222 78 6.62 465 -5.55 11687  15.105
6B 222 7.3 6.62 7.06 -6.84 11687  19.242
TA 195 58 0.02 17.28 0.53 9872  16.577
B 195 59 0.02 16.46 0.51 9872 15773
8A 214 7] 6042 3.04 13.55 15182 12126
8B 214 12| 6042 418 15.88 15182 10126
9A 328 204 17354 109.06 13757 18.812 2.521
9B 328 209 17354 119.76 144,16 18.812 4,359
10A 26.5 209 4124 119.76 7522 14577 30978
10B 26.5 213 4124 128.67 1797 14577 45197
1A 335 23| 19247 152.36 171.24 19.283 9.103
11B 335 228 19247 159.85 17541 19283  11.004
12A 28.1 184 7180 71.29 71.54 15,653 7547
128 28.1 178 7180 6152 66.46 15,653 4,611
13A 9.6 37 10053 39.15 62.73 3.216 0.234
138 9.6 39[ 10053 36.68 60.73 3.216 0.467
14A 53 42| 205.25 33.14 8247 0.326)  15.010
14B 53 43| 205.25 32.00 81.04 0.326) 1579%
15A 18.1 6.8 2.33 9.96 482 8.930 4539
158 18.1 71 2.33 8.16 4.36 8.930 3.350

Page 10f 1
PS-11 Example 2-R 10-27-04 .xis Linear Calcs 10/29/2004



RESULTS OF LINEAR CORRELATION

Facility: Facility B
Location: Anytown USA

Emission Unit: Incinerator

Test Dates: April 3 to 6, 2003

R5-2014-0104710000333

[Correlation equation; y -3.237 + 0672 x|
Variable Equation Value

n Number of data paints = 30 Summary of Acceptance Criteria for PS-11
X 1 Sumof(x))=|  19.63 Criterion Actual | Allowable |Acceptable?
S, sxx Sum((x,-x~)"2) 2.738| | Correlation coefficient | 0895 | 2089 yes
y y~=UnSumof (y)=|  9.96 Confidence interval 498% | <10% yes
S, S, = Sumiyy~1'2)=| 1531 Tolerance interval 200% | £25% yes
Sy Sy = Sum((x-x~)yy~)=| 18408 * Indicates comelation coefficient is undefined.
by by =y~bx~=|  -3.237
d i SXy/SXX - 067z Plot of Linear Regression Line
S S, = SQRT(1/(n-2)Sum(y™y)'2)=| 3238

Y iean y'atmeanxvalue=|  9.957 2%
n Lomtaes| 208 § . X

% y=06722¢-3.2371

Cl Cl=t*§,"SQRT(1m)=|  1.211 £ 45
EL Emission Limt=|__ 243 g .,

Cl% Cl%=CIEL*100%=|  4.98% 3
n n=n= 30 =91 e
v, v fromtable=| 1286 0 ' ' '
Uy uy fromtable=|  1.168 w e 20 00 o

PM CEMS Response

Ky ke=U"v=| 1503
Tl TI=k*S =|  4.866

TI% TI%=TIEL*100% =|  20.0%
S §,= SQRT(S,/(n-1))=|  7.266 PS-11 Correlation Test
[ ‘= 14828/2)= 0801 Calculation Spreacsheet
[ r=8QRT((1-5,*2/8/2))=| 0.895 Version 26 10125104

* Indicates correlation coefficient is undefined.
PS-11 Example 2-R 10-27-04 xIs Linear Summary Linear Summary



Facility: Facility B

Location: Anytown USA

CALCULATIONS FOR POLYNOMIAL CORRELATION

Emission Unit: Incinerator
Test Dates: April 3 t0 6, 2003

R5-2014-0104710000333

PM CEMS | PM concentration
response mg/acm CALCULATED STATISTICAL PARAMETERS

Run X y X X X Xy xzy v (y"—y)2 delta (yi-y~)2 Cl

1A 64 13 4 262 1,678 8 53] 2649 1819 0.1326 7494 215
1B 64 12 4 262 1,678 8 491 2649 2099 01326 7668 215
2A 75 23 56 422 3,164 17 1291 2.795 0245| 01009 5862 187
2B 75 25 56 422 3,164 19 41 2795 0087 01009 5580 187
3A 112 2.5 125 1405 15,735 28 34| 3680 1.392| 0.0646 5580 150
3B 112 28 125 1405 15,735 3 351 3.680 0.774| 0.0646 51220 150
4A 16.4 77 289 441 72339 126 2071 5942 3.000( 00852 509) 172
4B 16.4 79 288 441 72339 130 2125 5942 3.833( 00852 423 11
5A 299 129 884 26731 799,254 386 | 11533 17379 20061| 00756 §66| 162
58 299 125 8%41 26,731 799,254 74| 11175| 17379 23804| 0.075%6 647 162
6A 22 78 4831 10,941 242 891 173 3844 9872 4292 00823 485 169
6B 22 73 4831 10,941 242 891 162 3598 9872 6614| 00823 706 169
TA 19.5 58 B0 7415 144 590 113 2205| 7858 4236 0.0906 1728 177
78 19.5 59 B0 7415 144 590 15| 2243 7858 3834 [ 0.0906 1646 177
8A 274 17 7511 20571 563641 321 8784 | 14.655 87321 0.0593 304 144
8B 274 12 751 20571 563 841 329 9009| 14655 7049 00593 418 144
9A 328 204 1076 35288 1157432 669 | 21947| 20.884 023 | 01573 10906 234
% 328 209 1,076 35288 1157432 686 | 22485| 20.884 0000 01573 119768 234
10A 26.5 209 7021 18610 493 155 554 14677 13.742 51238 00604| 119.76] 145
10B 265 213 7021 18610 493155 564 14958 13.742 571425 00604| 12867 145
11A 335 23 1122 3759 1259445 TAT| 25026| 21785 0265| 01920 152.36| 258
11B 335 226 1122 37595 1259445 751 25363| 21.785 0664| 01920 159.85 258
12A 281 184 790 22,188 623,484 5171 14,529 15.390 9060| 0.0605 7129 145
128 281 178 790 22188 523,484 500 14,055( 15.380 5808 00605 8152 145
13A 96 37 82 885 8493 36 M1 3223 0227 00700 39.15] 156
138 86 39 92 885 8493 37 359 3223 0458| 00700 3668 156
14A 53 42 28 149 789 22 118| 255 27041 01785 3344 249
14B 53 43 28 149 789 23 121 255 3043 01785 32000 249
15A 18.1 68 328 5930 107,328 123 2228| 6940 0020 0.0901 9% 177
15B 18.1 71 328 5930 107,328 1291 2326 6940 0025 0.0901 816l 177

PS-11 Example 2R 10-27-04.xls

Polynomial Calcs

Page 1 of 1
10/29/2004



R5-2014-0104710000333

RESULTS OF POLYNOMIAL CORRELATION

Facility: Facility B Emission Unit; Incinerator
Location: Anytown USA Test Dates: April 3 fo 6, 2003
Variable Equation Value Correlation equation: y= 2854+ 0473 x +  0.02208 S
n Number of data points = 30
S, S1=Sum (xij = 589 Summary of Acceptance Criteria for PS-11
S §2=Sum (xi2) = 14,295 Criterion Actual | Allowable | Acceptable?
S, S3=Sum(d3)=| 395603 |Comslation cosfficient 0919 | 208 yes
S S4=Sumfxid)= 10986838 | Confidence interval 591% | <10% yes
S §5=Sum (yi) = 299 | Tolerance interval 180% | <25% yes
S S6 = Sum (xiyi) = 7703 *Indicates correlation coefficient is undefined.
$ S7 = Sum (xi2yi) = 216,158
det A det A =n8254-528252+815382-5383n+828153-845181 = |  1.188E+10 Check for Correlation Curve Minimum/Maximum
by b0 = (855254+515357+525653-578252-535385-54565 1 et A = 2.854 Correlation curve minimum point 393
b; b1 = (nS654+858382+328157-528652-5783n-843185)/det A = 01473 Minimum allowable x value 53
b h2 = (nS257+515652+555133-528285-5356n-575 181 )/det A = 0.02203 Is correlation curve minimum < minimum x value? yes
S §; = Sqrt{(/(n-3)Sum of (y"-Y)2) = 2873 Correlation curve maximum point NA
D D =n(5284- 53° 1#51(5382-5154)+82(5153- 52’ )=|  1.188E+10 Extrapolation imit for x (125% of maximum x value) NA
¢, C0=(8284.83)D = 0.698|  |Is correlation curve maximum > extrapolation imit? NA
¢ C1 (S3S2 $184)D = 0.0798
¢, (5133 -S2)D=|  1895E-03
C, 3=(SESTD=| 1 045600 Plot of Polynomial Regression Curve
¢ C4=(5182-n83)D=| -2.630E-04 %
G Co=(nS281)D=| 683506 y=00224 -0 47311 + 28539
L Lromates| 2052 | 520 ¢
fL Erission Limit = %y | §
a Oy, sqtceleminz|  14%| | £ °]
Cl% (1% = CI/EL100= 5.91% % 10
Y v;from table = 1293 0
n u, from table = 1481 z 51
n n' = 1/delta = 16.86 0
ke kt=un"vi= 1527 ' ' ' ' ' ' ' \
T e R 00 50 100 150 200 250 300 B0 400
T% T1% = TIEL 1100% = 18.0% PAt CEMS Response
y~ y~ = 1n*(Sum of (yi)) = 0.96
S, Sy = sart(Sum of { yi-y~P2(n-1) = 7.2
r = 1-(8,"218y"2) = 0.844
r r=sqr((1-5,"28y"2)) = 0919
Max-min? By> 071 minimum PS-11 Comrelation Test
pA— y=-by2by= 393 Calculation Spreadsheet
1.25% ay 4188 Version 2-8 10125/04

* Indicates correlation coefficiant is undefined.

PS-11 Example 2-R 10-27-04.xis Polynomial Summary 111112004



R5-2014-0104710000333

CALCULATIONS FOR LOGARITHMIC CORRELATION

Facifity:  Facility B Emission Unit; Incinerator
Location; Anytown USA Test Dates: April 3 o 6, 2003
PM CEMS response PM concentration
Measured | Transformed mglacm CALCULATED STATISTICAL PARAMETERS

Run X K=l {x) y ] ) 0w e |

1A 6.4 1856 13] 0929 74.938 8.345 0.504 0.634
1B 6.4 1856 12| 0929 76.679 8.441 0.504 0.485
2A 75 2015 23 0649 58.625 6.166 2.059 0.058
2B 75 2015 250 0649 55.602 6.005 2.059 0.19
3A 12 2418 250 0163 55.602 3015 5.992 12.191
3B 1.2 2416 28] 0163 51.218 2.8%4 5.992 10.186
4A 164 2.197 770 0.001 5.003 0.052 9732 4127
4B 164 2.197 790 0.001 4230 0.047 9.732 3.355
5A 29.9 3398 129 03% 8.663 1.700 15.621 7.405
5B 299 3398 125 03% 6.469 1469 15.621 9.742
BA 22.2 3.100 78] 0078 4651 -0.604 12.701 24.021
6B 22.2 3.100 73] 0078 7058  -0.743 12.701 20172
TA 195 2970 58 0023 17218 0624 11429 31.690
7B 195 2970 59 0023 16457  -0.609 11429 30.574
8A 274 3 117 0240 3.039 0.855 14.765 9.394
8B 274 3 12| 0240 4175 1.002 14.765 7.645
9A 328 3490 204| 0449  109.063 6.9%9 16.529 14.985
9B 328 3490 209 0449 119757 7.334 16.529 19.106
10A 265 3.217 209 0209  119.757 5.000 14.437 41.765
108 265 3.277 2131 0209 128671 5.183 14437 47.095
11A 335 3512 223 0478] 152358 8533 16.736 30.957
11B 335 3512 226 0478] 159854 8.740 16.736 34.386
124 28.1 3.336 184| 0.266 71.290 4353 15.012 11476
128 28.1 3336 178 0.266 61.518 4043 15.012 7.1
13A 96 2.262 370 0312 39.146 3494 4480 0.608
138 96 2.262 39 0312 36.683 3382 4480 0.33%
14A 53 1,668 42 138 33139 6.635 -1.346 30.756
14B 53 1668 43 1328 31.098 6519 -1.346 31.875
15A 181 2.896 6.8 0.006 9965  -02%9 10.699 15.200
158 181 2.896 740 0.006 8.161 -0.216 10.699 12.951

Page 10f1
PS-11 Example 2-R 10-27-04 Xis Logarithmic Calcs 111112004



R5-2014-0104710000333

RESULTS OF LOGARITHMIC CORRELATION

Facility: Facility B Emission Unit; Incinerator
Location: Anytown USA Test Dates: April 3 to 6, 2003
|Correlation equation: y= -7.700 + 9807 Lnfx) |
Variable Equation Value
N Number of data points = 30 Summary of Acceptance Criteria for PS-11
X X~=1n*(Sumof (X)) = 282 Criterion Actual Allowable Acceptable?
Sy Sy = SUMXX~12) = 10.93 Correlation coefficient | 0.822 > 085 o
y y= i Sumof ()=[ 10,0 Confidence interval 6.37% <10% ves
S, Sy = Sum((y-y1'2)=| 1531 Tolerance interval 25.6% <25% no
Sy Sy = SUm((X-X~)yry~) =l 1072 * Indicates correlation coefficient is undefined.
by by = y~byx'~ = -17.700
by b= Sx'y/ S = 9.807 Plot of Logarithmic Regression Curve
S S, = SQRT(1/(n-2)(Sum{y yy'2)) =]  4.141
Ve Y atmeanxvalue=[  9.957 % .
tf tfomtable =|  2.048 52 =980T 177 ¢ . #
Cl Cl=tS*SQRT(1n)=[ 1540 f 15 4
L EmssorLmit=s]__ 283 | E o 0 8
Cl% Cl%=CIEL*100%=|  6.37% 5 : ¢4 N ¢
n n'=n= 30 g ¢ ¢
Vi vfomtable=|  1.286 a0 7 T T
S0 50 100 150 200 250 300 B0 400
Uy us fromtable=|  1.168
kT k= U= 1503 PM CEMS Response
A .
Tl TI=k*SL= 6.22
TI% TI%=TIEL*100% =]  25.6%
§, S, = SART(S,Jin-1))=|  7.266 PS-11 Carrelation Test
[ r= 14828/2)=| 0675 Calculation Spreadshest
r r=SQRT((1-8,"2/8,"2))=| 0.822 \Version 26 10125104
* Indicates correlation coefficient is undefined.
PS-11 Example 2-R 10-27-04.xIs Logarithmic Summary 10/29/2004



R5-2014-0104710000333

CALCULATIONS FOR EXPONENTIAL CORRELATION

Facility:  Facility B Emission Unit; Incinerator
Location:  Anytown USA Test Dates:  April 3 to 6, 2003
PM concentration
PM CEMS mg/acm
response | Measured | Transformed CALCULATED STATISTICAL PARAMETERS

Run { y | =t [ | e [eessn ] v |

1A 64 13 0262 17404 2857 22744 0886 0.389
B 64 12 0162 17404 3239 23803] 0886 049
2A 75 2.3 0833 147.06[ 1320 13934 0978 0.021
2B 15 25 0916 14706 1136 12923 0978 0.004
3A 112 25 0916) 7101 1136 8980 1284 0.135
3B 112 28 1030 7101 0907 8025 1284 0.065
4A 164 77 20410 041 0004 D191 175 0.107
4B 164 79 2067 1041 0007 D274 1715 0.124
5A 209 129 2557 10554 0331 5910 2833 0.076
58 209 125 2526 10554 0296 5587 2833 0.004
6A 22 78 2.054 662 0005 0186 219 0.020
68 22 73 1.988 662 0000 0015 2195 0.043
TA 195 58 1.758 002] 0050 0028 1971 0.046
8 195 59 1.775 002 0043 0026 197 0.039
8A 274 "7 2460 6042 0228 373 2626 0.028
8B 214 12 2485  6042[ 0253 3910 2626 0.020
9A 328 204 3016] 17354  1.068 13616 3073 0.003
98 328 209 3040[ 17354 1119 13935 3073 0.001
10A 265 209 3040 4724 1119 72711 2551 0.239
108 265 213 305 47.24] 1159 7401 2551 0.258
1A 335 223 3405 192471 1.260 15575 3431 0.001
118 35 26 38 102471 129 15760 3131 0.000
128 28.1 184 29121 7180[ 0866 7884 2604 0.052
128 281 178 2879 T7180[ 0805 7603 2684 0.038
13A 96 37 1308| 10053 0454 6754  1.151 0.025
138 56 39 1361 10053 0386 6.226| 1151 0.044
14A 53 42 1435 20525 0299 7835 0795 0409
148 53 43 1459 20525 0274 74971 0.795 0440
154 18.1 6.8 1917 233 0004 0.0%9] 185 0.004
158 18.1 7 1.960 233 0000 0033 185 0.011

Page 10f 1
PS-11 Example 2-R 10-27-04 xIs Exponential Calcs 10/20/2004



R5-2014-0104710000333

RESULTS OF EXPONENTIAL CORRELATION

Facility:  Facility B Emission Unit, Incinerator
Location:  Anytown USA Test Dates: April 3 to 6, 2003
Correlation equation: y= 1428e 00828 x
Variable Equation Value
n Number of data points = 30 Summary of Acceptance Criteria for PS-11
X x~=1n*Sumof (g} =| 1963 Criterion Actual Allowable | Acceptable?
S, Sy = Sum{{x-x~)2)=| 27384 Correlation coefficient 0.921 2085 yes
y y~= ' (Sumof (y))=| 1982 Confidence interval 3.80% <10% yes
Sy Sy = Sum(iyry~r2)=| 2202 Tolerance interval 15.9% <25% yes
Sy Sy = Sum((x-x~Jyry~)=|  226.81 * Indicates correlation coefficient is undefined.
by by =y~bx~=|  0.356
b, by=e'by'=| 1428 , _
b, b= 5,05, 7| 0083 Plot of Exponential Regression Curve
S, S, = SQRT(H(n-2)(Sum{yAy*2) =] 0340 %
Y ean yhatmeanxvale=| 1982 y= 14281
8 fifromiable=|  2.048 20 ¢
o) Cl'=t/SL'SQRT(1m)=| 01270 ¢
LCL LCU=y~-CI] 1855 E 15
ucL UCL'=y~'+CI] 2109 g
cl Cl=(e\UCL'-eMCLY2| 0924 ‘5’ A
EL Emission Limt =] 243 0 01
CI% Cl% =CIEL'100% =]  3.80% 2
N n=n= 30 51
Vi vifromtable=|  1.286
Uy Uy fromtable=| 1168 0 , , , , . :
kr kr=u*v=| 1503 00 50 100 150 200 250 B0 B0 400
T Tr=k'SL=| 0510 PM CEMS Response
AN (Tl=y-T1 1472
UL UTU=y~+TI] 2482
Tl Ti={eUTL'-eMTLY2|  3.866
T1% T1%=TUEL"100% =]  15.9%
Sy Sy = SQRT(Syf(n-1))=| 0871 PS-11 Correlation Test
r = HSL28,/2)=| 0848 Calculation Spreadsheet
I r="SQRT((1-SL"2/8,"2)) =| 0.921 Version 26 10/25/04

*Indicates correlation coefficient is undefined.

PS-11 Example 2-R 10-27-04.xis

Exponential Summary

10/26/2004



CALCULATIONS FOR POWER CORRELATION

Facility:  Facility B Emission Unit: Incinerator
Location:  Anytown USA Test Dates: April 310 6, 2003
PM concentration
PM CEMS response mglacm
Measured | Transformed | Measured | Transformed CALCULATED STATISTICAL PARAMETERS

Run o=t |y [ yEtay) [ L 0] v | e

1A 64 1.856 13 0262] 0929 2957 1658  0.756]  0.2433
18 64 1.856 12 0182] 0929 3239 1735 0756  0.3287
2A 75 2015 2.3 0833 0649 1320 0925) 0957] 00155
2B 75 2015 25 0916] 0649 1136 0858 09571 00017
3A 112 2416 25 0916] 0183 113 0431 1468 03039
3B 112 2416 28 1030 0163 0907 0385 1468 01918
4A 164 2797 77 2041 0001 0004 0.001f 1953  0.0078
48 164 2797 79 2067 0001 0007 0002 1953  0.0130
5A 299 3308 129 2557 0.33  0.3% 03320 217 00255
5B 299 3398 125 25260 0334 0296 0314 27| 00365
BA 222 3100 78 2054 0078 0005 0020 2338 00806
68 22.2 3100 73 1988| 0078/  0.000 0002] 2338 01228
TA 195 2970 58 1.758]  0023|  0.050 0034 2173 0473
78 195 2970 59 1775 0023 0043 Q03 2173 01584
8A 274 3 1.7 2460 0240 0228 0.234) 2606] 00213
88 274 3 12 2485 02401 0253 0247)  2606| 00148
SA 328 3490 204 3016]  0449]  1.068 0.693) 283 00328
98 328 3490 20.9 30401 0449 1119 0709 283%| 004
10A 26.5 3277 20.9 30400  0209) 1119 0483 2583 0.1
108 265 32m 213 30591 0209 1159 0492) 2563|0245
1A 335 3512 22.3 3105|0478  1.260 0.776) 2861  0.0591
118 335 3512 28 3N 0478 1291 0.785) 2861 00658
12A 281 33% 184 29121 0266 0.866 0480] 2638 00754
128 281 33% 178 2879 0266 0805 0463 2638 00583
13A 98 2262 37 1308] 0312 0454 0376 1271] 00014
138 96 2262 39 1361 032 0386 03470 1271 00080
14A 53 1668 42 1435 1328 0299 0630] 0516 08453
148 5.3 1668 43 1459 1328 0274 0603) 0516 0889
15A 18.1 289 638 1917)  0008] 0.004 0005 2078  0.0260
158 18.1 2896 71 1960 0008 0000 0002 2078)  0.0140

PS-11 Example 2-R 10-27-04 xIs Power Calcs

R5-2014-0104710000333

Page 1of 1
10/20/2004



RESULTS OF POWER CORRELATION

R5-2014-0104710000333

Facility.  Facility B Emission Unit: Incinerator
Location: Anytown USA Test Dates: April 3 10 6, 2003
Correlation equation: y= 02007 x 142
Variable Equation Value
n Number of data points = 30 Summary of Acceptance Criteria for PS-11
X K~=1n"(Sum of () =] 2820 Criterion Actual Allowable Acceptable?
Sy Ser = SUm((Xex~2) = 10.93 Correlation coefficient 0.892 >0.85 yes
y y~=1n*(Sum of (y)) = 1.982 Confidence interval 441% <10% yes
Syy Syy = Sum(ywy~y2)=[ 2202 Tolerance interval 18.7% <28% yes
Sy Sep = Sum{(XX~Jyry~) =) 13.90 * Indicates correlation coefficient is undefined.
bo' bg’ = y'~-b1X~ = -1606
bo bo = eAbg’ =l 0.201
b, b, =88 = 1272
8, S, = SQRT(H/(n-2)(Sum{y A2 =|  0.393 Plot of Power Function Regression Curve
Y nean y™at mean x value = 1.982 ”
& trfromtable =| 2048
cl CI=t/SL'SQRT(1n)=| 0.447 20
LcL LCL=y~-ClIl 1835 5
ucL UCL'=y~'+CI| 2129 I 5]
Cl Cl=(e"UCL'-e"LCLY2| 1071 §
EL Emission Limit=|  24.3 2
% Cl% =CUEL100% =] 441% 3101
n n=zn= 30 E
v v:fromtable = 1286 ch
Uy Uy from table =|  1.168
kT kT - un'*vf - 1503 0 T T T T T T
- 00 50 100 150 20 00 30 400
T T'=kS.=| 0591 —
K U=y~ -] 1391 esponse
UL UTL=y~'+TIf 2573
Tl Ti={eUTL - eMTLY2|  4.540
Ti% Ti% =TIEL00% =| 18.7%
S, S, = SQRT(Sfin-1)) =  0.871 PS-11 Correlation Test
r = 1481 §2)=| 0.7% Caloulation Spreadshest
r r=SQRT((1-SL"2/8,/2)) =| 0.892 Version 26 10125004
* Indicates correlation coefficient is undefined.
PS-11 Example 2-R 10-27-04.xis Power Summary 10/26/2004



R5-2014-0104710000333

SELECTION OF BEST MODEL
Facility: Facility B Emission Unit: Incinerator
Location:  Anytown USA Test Dates: April 3 to 6, 2003
Model Corrglatmn >0857 Confidence interval <10%2 Tolerance interval half <95%7 Min/max within | Does mc.)de‘! meet all
coefficient (a) half range percentage range percentage allowable range? criteria?
Linear 0.895 Yes 4.98% Yes 20.0% Yes (b) Yes
Polynomial 0919 Yes 591% Yes 18.0% Yes Yes Yes
Logarithmic 0822 No 6.37% Yes 25.6% No (b) No
Exponential 0921 Yes 3.80% Yes 15.9% Yes () Yes
Power 0.892 Yes 441% Yes 18.7% Yes () Yes

() *indicates correlation coefficient is undefined; model does not satisfy criterion.
() Not applicable; criterion applies only to polynomial model.
Bestmodel:  Exponential

PS-11 Correfation Test
Calculation Spreadsheet
Version 2-6 10/25/04

PS-11 Example 2-R 10-27-04 xis Best Mode! 10/29/2004
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Appendix A.3

Complete Results of Example No. 3 —
Initial Correlation Test



CORRELATION TEST PM CEMS AND REFERENCE METHOD TEST DATA

R5-2014-0104710000333

PMCEMS | PM concentration
response mg/acm
Run X y
1 58 35
2 76 9
K] 78 7.8
4 16.4 252
5 10.1 16.6
6 1.1 14.3
7 12.0 19.6
8 13.2 201
9 15.7 234
10 17.6 26.7
11 217 268
12 210 289
13 223 25.7
14 24.1 26.2
15 4.7 26.2

PS-11 Example 3-R 10-27-04.xIs

Facility: Facility C
Location: Anytown USA
Emission Unit: ~ HWI
Test Dates: November 1 to 4, 2002
Value  Units
Emission limit: 1745 mglacm
35
30 1 .
¢

§ % ¢ "

E é

t 20 o ¢

g ¢

5 15 ¢

0

2 104

. 4

5 4
é
0 I I I | |
0.0 5.0 100 15.0 200 25.0 30.0
PM CEMS Response
Page 1 of 1
Test Data 10/29/2004



R5-2014-0104710000333

CALCULATIONS FOR LINEAR CORRELATION

Facility:  Facility C Emission Unit:  HWI
Location: Anytown USA Test Dates: November 1 to 4, 2002
PM CEMS | PM concentration
response mg/acm CALCULATED STATISTICAL PARAMETERS
R | x y | ) ) |y
1 58 35  92.29 272.25 158,51 8942 20621
2 76 9f 6094 121.00 85.87 11.014 4,058
3 78 78] 57.86 148,84 92.80 11245  11.865
4 18.4 25.2 0.99 21.04 5.17 21143) 16456
5 10.1 166] 2816 11.56 18.04 13.892 7.334
4 111 143] 1855 3249 24.55 15,043 0.552
/ 12 196 1161 0.16 1.36 16.079]  12.399
8 13.2 20.1 4.87 0.01 -0.22 17.460 6.969
9 15.7 234 0.0 11.56 1.00 20.338 9.378
10 176 26.7 4,81 44,89 14700 22526 17434
11 217 268 3961 46.24 4279 27.244 0197
12 21 289 3129 79.21 4978 26438 6.061
13 22.3 257 4152 3249 39.29 27934 4993
14 241 262 7557 38.44 53.90 30.006(  14.487
15 24.7 262 8637 3844 57.62 30697 20222

Page 10f 1
PS-11 Example 3-R 10-27-04 .xis Linear Calcs 10/29/2004



RESULTS OF LINEAR CORRELATION

Facility: Facility C
Location: Anytown USA

Emission Unit: HWI
Test Dates: November 1 to 4, 2002

R5-2014-0104710000333

|Correlation equation: y= 2267+ 1451 x|
Variable Equation Value

n Number of data points = 15 Summary of Acceptance Criteria for PS-11
X x~=1n*Sumof (x))=| 1541 Criterion Actual | Allowable |Acceptable?
S, 8, =Sumpxx~2)=| 561 Correlation coefficient | 0898 | 085 yes
y y~=1n*(Sumof (y))=|  2000] | Confidence interval 11.20% | <10% o

S, S, = Sum(fy-y~\'2)= 905 Tolerance interval 356% | <25% no

Sy Sy = Sum((x-x~)yry~)=| 6452 * Indicates correlation coefficient is undefined.
b bo=y~bx~=| 2267
d i SXy/SXX - LY Plot of Linear Regression Line
S, S, = SQRT(1/(n-2)Sum{y™y)'2))=| 3530

Y iean y" at mean x value =| 20,000 3
t tfomtable=] 2160 § 304 y= 1.5tk 22605

5 25 (R

Cl Cl=t*$,"SQRT(/n)=|  1.969 £ )
EL EmissonLimt=] 175 8 45

Cl% Cl% =CI/EL*100% =| 11.29% 3 10- %
il n'=n= 15 2 5 .
v, vfromtable=| 1485 0 ' ' ' ' '
" L fomatksl 1764 00 50 100 150 200 250 300

PM CEMS Response

Ky ke=U"ve=|  1.759
Tl TI=k'S. =| 6210

T% TI%=TIEL*100% =|  35.6%
S §,= SQRT(S,/(n-1))=|  8.038 PS-11 Correlation Test
[ = 1-(SLA2/SYA2) = 0807 Calculation Spreadsheet
[ r=S8QRT((1-5,*2/8}2))=| 0.898 Version 26 1012504

* Indicates correlation coefficient is undefined.
PS-11 Example 3-R 10-27-04 xIs Linear Summary Linear Summary



R5-2014-0104710000333

CALCULATIONS FOR POLYNOMIAL CORRELATION

Facility: Facility C Emission Unit: HWI
Location: Anytown USA Test Dates: November 1 1o 4, 2002
PM CEMS | PM concentration
response mg/acm CALCULATED STATISTICAL PARAMETERS
Run X y X X X Xy x2y v (y"-y)2 delta (yi-y~)2 Cl
1 58 35 3 185 1132 20 18| 3138 0131 04679| 27225 1.9
2 16 9 58 439 3,33 68 520 84X 0326 02223] 121000 1.3
3 78 78 61 475 3,702 61 475| 8976 1384 02060 14884 127
4 16.4 2.2 29[ 4411 72339 413] 6778 24.8% 0121 0.1650 2704 143
5 10.1 16.6 102 1,030 10,406 168 1693 14.689 3653 0.4214 1156 087
8 1.1 14.3 123 1,368 15,181 159 1762 16838 8444 | 01224 3249 098
7 12 19.6 144 1728 20736 23| 2822| 18800 1000 0.1320 0.16]  1.01
8 13.2 20.1 174 2,300 30360 265 3502| 20694 0.352| 0.1488 001 1.08
9 157 234 26| 3870 60757 367 5768 4119 0517 04672 1156 1.4
10 176 2.7 N0 5452 95,951 470  8211| 25876 0679 01541 4489 109
1 2.7 268 471 10218 21737 582 126820 27477 0142 04374 46.24] 103
12 21 289 441 926 194 481 07| 12745| 27.1% 2903 0.1265 7921 099
13 223 57 497 11090 247297 573 12,780| 27.082 1911 01565 3249 140
14 241 26.2 581| 13998 337340 631| 15217 28.360 0026 | 02949 3844 151
15 4.7 26.2 810 15,069 312210 647 15984 25.973 0051 03775 3844 1N

Page 1 of 1
PS-11 Example 3-R 10-27-04.xls Polynomial Calcs 10/29/2004



R5-2014-0104710000333

RESULTS OF POLYNOMIAL CORRELATION

Facility:  Facility C Emission Unit:  HWI
Location: Anytown USA Test Dates: November 1 to 4, 2002
Variable Equation Value Correlation equation: y= 18371+ 4296 x + 010123 S
n Number of data points = 15
S, S1=Sum (xij = 23 Summary of Acceptance Criteria for PS-11
S §2=Sum (xi2) = 412 Criterion Actual | Allowable | Acceptable?
S, 3= Sum (xi3) = 80903 | Comslation cosfficient 0987 | 208 yes
S S4=Sumfxid)=| 1686966 | Confdence interval 556% | <10% yes
S §5= Sum (yi) = 300| | Tolerance interval 134% | <25% yes
S 6 = Sum (xiyi) = 5,267 *Indicates correlation coefficient is undefined.
$ S7 = Sum (xizyl) = 101,055
det A det A = n8254-525252+815382-5383n+528153-848181 = |  1.168E+08 Check for Correlation Curve Minimum/Maximum
by b0 = (855254+515357+525653-578252-535355-54565 1 et A = -18.371 Correlation curve minimum point NA
b; b1 = (nS654+858382+328157-528652-5753n-845185)/det A = 4,29 Minimum allowable x value NA
b h2 = (nS257+515652+555153-528285-5356n-875 181 )/det A = -0.10123 Is correlation curve minimum < minimum x value? NA
S §; = Sqrt{{(n-3)Sum of (y"-Y)2) = 1.279 Correlation curve maximum point 212
D D =n(5284- 53° 1#51(5382-5154)+82(5153- 57 )=|  1.168E408 Extrapolation imit for x (125% of maximum x value) 30.9
¢, C0=(8284-83)D = 3481 |Is correlation curve maximum > extrapolation imit? no
¢ C1 (S3S2 $184)D = -0.4833
¢, (5183 -SZ)D=| 146702
C, 3=(SESTD = 74E0D Plot of Polynomial Regression Curve
¢ C4=(5182n83)D=| -2.236E-03 3.
Cs C3=(nS281)D=| 7197E-05
T vremees| 2w | 5]
L Ermission Limit = 73 | § 2]
o Cl =4S, "sqrt{delta-min) = 0871 £ 201
Cl% (1% = CI/EL100= 5.56% g 15 4
Y vifrom table = 1515 0104
U, Uy from table = 1.208 E 54
n n' = 1/delta = 8.24 0 . . . : . .
& kt=un*vi= 1.831
T e K 0.0 50 10.0 150 200 50 300
T% T1% = TIEL 1100% = 13.4% PAt CEMS Response
y~ y~ = 1In*(Sum of (yi)) = 20.00
S, Sy = sart(Sum of { yi-y~P2(n-1) = 8.04
r = (8, 218y"2) = 0975
r r=sqr((1-5,"28y"2)) = 0987
Max-min? B> 07 maximum PS-11 Comelation Test
pA— y=-by2by= 21.22 Calculation Spreadsheet
1. 2% ray 3088 Version 2-8 10125/04

* Indicates correlation coefficiant is undefined.

PS-11 Example 3-R 10-27-04.xis Polynomial Summary 111112004



R5-2014-0104710000333

CALCULATIONS FOR LOGARITHMIC CORRELATION

Facility:  Facility C Emission Unit; HWI
Location: Anytown USA Test Dates: November 1 to 4, 2002
PM CEMS response PM concentration
Measured | Transformed mg/acm CALCULATED STATISTICAL PARAMETERS
Run X x=h(x) y S I
1 58 1.758 35 0785 272250 14.620 5.106 2578
2 76 2.028 91 0379  121.000 6.774 9.649 0.421
3 78 2.054 78] 0348  148.840 7.196 10.086 5.225
4 16.4 2,197 2521 0.024 27.040 0.797 22578 6.877
5 10.1 2313 166 0110 11.560 1127 14.429 4.711
6 1.1 2407 1431 0.056 32490 1.351 16.016 2.946
7 12 2485 196 0.025 0.160 0.064 17.327 5.167
8 13.2 2580 2011 0.004 0.010f  0.006 18.929 1.371
9 15.7 2.754 234 0.012 11.560 0.373 21.844 2420
10 176 2.868 26.7)  0.050 44,890 1.501 23.765 8.616
11 217 3.0 268 0.188 46.240 2.947 27.285 0.235
12 21 3.045 289 0.160 79.210 3.565 26.734 4.693
13 223 3.105 257 0212 32490 2.626 27.743 4175
14 24.1 3.182 262 0290 38.440 3.337 29.048 8.1
15 247 3.207 262 0317 38.440 3.490 29.461 10.637

Page 10f 1
PS-11 Example 3-R 10-27-04 xIs Logarithmic Calcs 10/29/2004



R5-2014-0104710000333

RESULTS OF LOGARITHMIC CORRELATION

Facility: Facility C Emission Unit: HWI
Location: Anytown USA Test Dates: November 1 to 4, 2002
[Correlation equation: y= -24.443 +16.809 Ln(x) |
Variable Equation Value
n Number of data points = 15 Summary of Acceptance Criteria for PS-11
X X~=1/n*Sumof (x) = 2.64 Criterion Actual Allowable Acceptable?
S, Sy = Sum((x X12)=| 296 Correlation coefficient |  0.959 >085 yes
y y~=1nSumof (y))=|  20.0 Confidence interval 7.32% < 10% yes
Sy Sy = Sumyy~)2)=| 905 Tolerance interval 23.4% <25% yes
Sy Syy = SUM((XiX~)(y-y~)) = 40.8 * Indicates comslation coefficient is undefined.
by Dp=y~bx~=| 24443
by b= SX'Y/ Sie=| 16809 Plot of Logarithmic Regression Curve
S, S, = SQRT(1/n-2)(Sum(y y)*2) =|  2.290
Ve y*atmeanxvalue=|  20.000 3%
- g3l ¥=16.800Ln()- 24443
t kfromtable=|  2.160 [ "
5 25-
Cl C=is/SORT)=| 1277 | £, ]
EL EmssionLimit=| 175 g 45
Cl% Cl%=CIEL*100%=|  7.32% 8 10
n n'=n= 15 2 5
Vf Vf from table = 1485 0 T T T T T
" U fomiables| 1184 00 50 100 50 200 250 300
ke k=u"= 1750 PM CEMS Response
n .
T| TI=k'SL=| 403
T1% T1%=TUEL*00%=|  23.1%
5, §,=SQRT(S,/n-1))=|  8.038 PS-11 Correlation Test
r r= 1482/8,2)=| 0919 Caloulation Spreadsheet
r r=SQRT((1-8,"2/8,"2))=| 0.959 Version 2-6 10125104

*Indicates correlation coefficient is undefined.

PS-11 Example 3-R 10-27-04.xls Logarithmic Summary 10/29/2004



R5-2014-0104710000333

CALCULATIONS FOR EXPONENTIAL CORRELATION

Facility:  Facility C Emission Unit; HWI
Location: ~ Anytown USA Test Dates: November 1 to 4, 2002
PM concentration
PM CEMS mgfacm
response | Measured | Transformed CALCULATED STATISTICAL PARAMETERS

Run X y y=la) | o) | 0 [oev) ] v |
1 58 35 1263 9220 2614 15.533] 2115 0.744
2 76 9 2197 6094 0452 5249 2256 0.004
3 78 78 2.054|  57.86|  0.665 6203 2272 0.048
4 16.4 25.2 3.227 099 0128 0305 2948 0.078
5 10.1 16.6 2809 2816  0.004 0320 2453 0.127
6 1.1 14.3 2660 1855  0.044 0902  2.531 0.017
7 12 19.6 2976 1161  0.011 0361  2.602 0.139
8 132 20.1 3.001 4871  0.017 0289  2.696 0.093
9 15.7 234 3153 0.09]  0.080 0.083 2893 0.068
10 17.6 26.7 3.285 481 0172 0910  3.042 0.059
11 217 26.8 3288 3961 0175 2635  3.364 0.006
12 21 28.9 3304 3129 0244 2764 3309 0.003
13 223 25.7 3246 47521  0.142 2508 3411 0.027
14 24.1 26.2 3206 7557  0.157 3444 3552 0.082
15 247 26.2 3206 86.37| 0157 3681  3.600 0.111

Page 10f 1
PS-11 Example 3-R 10-27-04 xIs Exponential Calcs 10/29/2004



R5-2014-0104710000333

RESULTS OF EXPONENTIAL CORRELATION

Emission Unit. HWI
Test Dates: November 110 4, 2002

Facility:  Facility C
Location:  Anytown USA

*Indicates correlation coefficient is undefined.

PS-11 Example 3-R 10-27-04.xis

Exponential Summary

Correlation equation: y= 525e 00785 x
Variable Equation Value
n Number of data points = 15 Summary of Acceptance Criteria for PS-11
X x~= 1" (Sumof (g)) =| 1541 Criterion Actual Alowable | Acceptable?
S, S, = Sum{{x-~2)=| 5605 Correlation coefficient 0812 2085 no
y y~=UnSumof(y)=| 2870 Confidence interval 19.93% <10% no
Sy Syy = Sum((yy'~1'2) = 5.06 Tolerance interval 66.5% <25% no
Sy Sy = Sum{(x-x~Jyry~))=| 4403 * Indicates correlation coefficient is undefined.
by by =y~bx~=| 1659
b, by=e'by'=|  5.2%6 . _
b, S TR Plot of Exponential Regression Curve
S, S, = SQRT(M(n-2)(Sumy' Ay )h2) =] 0.351 1
Y ean yhatmeanxvalue=| 2870 . y=5.2565e°7
3 ffomtable=| 2160
ol CI'='SL'SQRT(1n) =] 0.1960 e ¥
LeL LCL=y~-CI| 2674 § 251
ucL UCL'=y~'+CI| _ 3.066 ‘5 )
Cl Cl=(e"UCL'-e*.CL)2 3477 £
EL Emission Limit = 175 0 154
Cl% Cl% =CIEL*100% =]  19.93% 3 0
n n=n= 15 ‘
v vifromtable=| 1485 51 N
Uy Uy fromiable=| 1184 0 , : , , ,
kr kr=uve=| 1759 00 50 100 B0 N0 B A0
T Tr=k'SL=| 0618 PM CEMS Response
LU Tl =y -1 2.252
UL UTL =y~ +TI] 3488
Tl Ti={*UTL - TLY2] 11602
T1% T1%=TUEL"100%=|  66.5%
Sy Sy = SART(Syf(n-1)) = 0.601 PS-11 Correlation Test
r = -SLU28,/2)=| 0659 Calculation Spreadsheet
I r="SQRT((1-SL"2/8,"2)) =| 0812 Version 26 10/25/04

1012612004



R5-2014-0104710000333

CALCULATIONS FOR POWER CORRELATION

Facility:  Facility C Emission Unit: HWI
Location: ~ Anytown USA Test Dates: November 1 to 4, 2002
PM concentration
PM CEMS response mglacm
Measured | Transformed | Measured | Transformed CALCULATED STATISTICAL PARAMETERS
Run X X = Lnix) y y=laly) | W [ o {0 v | e
1 58 1.758 35 1263 0785 2614 1433 1810 03105
2 76 2.028 9 2197 0379] 0452 0414 21331  0.0041
3 78 2.054 78 2.054]  0.348]  0.665 0481 2164  0.012
4 16.4 2.797 252 3221 0.0 0128 0.055[  3.053]  0.0302
5 10.1 2313 16.6 2809 0110  0.004 0.020[ 2473 0.1129
6 1.1 2407 14.3 2660  0.056] 0.044 0.050[ 2586  0.0055
7 12 2485 19.6 2976|  0.025 0.011 0.017) 2679  0.0877
8 13.2 2.580 201 3001 0.004[ 0017 -0.008] 2793  0.0430
9 15.7 2.754 234 3183 0.012[  0.080 0.031 3001  0.0231
10 17.6 2.868 267 3285  0.050[ 0472 0.003[ 31371 0.0217
11 AN 3.077 268 3288 0188 04175 0181  3.388]  0.0009
12 21 3.045 289 3364 0160 0244 0198  3.349]  0.0002
13 223 3105 257 3246 0212 0142 0174 34211 0.0303
14 24.1 3182 262 3266 0290 0157 0213 3513  0.0613
15 247 3.207 262 3266 0317 0157 0.223| 35431  0.0767

Page 10of 1
PS-11 Example 3-R 10-27-04.xls Power Calcs 10/29/2004



RESULTS OF POWER CORRELATION

R5-2014-0104710000333

Facility.  Facility C Emission Unit; HWI
Location: Anytown USA Test Dates: November 1 to 4, 2002
Correlation equation: y= 0.7466 x 11998
Variable Equation Value
n Number of data points = 15 Summary of Acceptance Criteria for PS-11
X K~=1n"(Sum of (i)} =|  2.644 Criterion Actual Allowable Acceptable?
Sy S = SUm((ex~2)=[ 296 Correlation coefficient 0.908 2085 yes
y y~=1n*(Sum of (y)) =| 2870 Confidence interval 14.28% <10% no
Syy Syy = Sum(iyy~y2)=[ 506 Tolerance interval 46.4% <28% no
Sy Sep = SUm((X X~y =) 354 * Indicates correlation coefficient is undefined.
by by = y~bx~=| 0292
by by=etby=| 0747
b, b, =552 119
8, S, = SQRT(1/(n-2)(Sumly Ay =|  0.253 Plot of Power Function Regression Curve
YA oean yhatmean xvalue=| 2870 “
& f:fromtable =|  2.160
cl CI=t*SL'SQRT(1n)=| 0141 e
LCL LCL'=y~-Cl 2729 5 304
ucL UCL'=y~'+CI| 3.011 T2
Cl Cl= (e"UC?.' - e“!.(.JLI')IZ 2492 § 2.
EL Emission Limit=|  17.5 2
Cl% Cl% =Cl/EL00% =| 14.28% § 151
r n=n= 15 Z 0.
Vi v:fromtable =| 1485
Uy U fom table =] 1184 1 ¢
ke ke=yvs] 1750 0 ' ' - ' .
00 50 10.0 150 20 250 300
L M=) 04w PHM CEMS Response
LT LTU=y~-TI| 2425
Ut UTL=y~'+TIf 3314
Tl TI={"UTL -eMTLY2|  8.093
Ti% TI% =TUEL*100% =| 46.4%
S, S, = SQRT(Sfin-1)) = 0.601 PS-11 Correlation Test
! ‘= -SL25,°2)= 0824 Calculation Spreadsheet
! r=SQRT((1-8L"2/5,"2)) =| 0908 Version 2:6 10125004
* Indicates correlation coefficient is undefined.
PS-11 Example 3-R 10-27-04.xis Power Summary 1012912004



R5-2014-0104710000333

SELECTION OF BEST MODEL
Facility: Facility C Emission Unit: HWI
Location:  Anytown USA Test Dates: November 1 to 4, 2002
Model Corrglatmn >0857 Confidence interval <10%2 Tolerance interval half <95%7 Min/max within | Does mc.)de‘! meet all
coefficient (a) half range percentage range percentage allowable range? criteria?
Linear 0.898 Yes 11.29% No 35.6% No (b) No
Polynomial 0.987 Yes 5.56% Yes 134% Yes No No
Logarithmic 0.959 Yes 7.32% Yes 23.1% Yes (b) Yes
Exponential 0812 No 19.93% No 66.5% No (b) No
Power 0.908 Yes 14.28% No 46.4% No (b) No

(a) *indicates correlation coefficient is undefined; mode! does not satisfy criterion.
(b) Not applicable; criterion applies only to polynomial model.
Bestmodel:  Logarithmic

PS-11 Correfation Test
Calculation Spreadsheet
Version 2-6 10/25/04

PS-11 Example 3-R 10-27-04.xis Best Mode! 10/29/2004
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Appendix A4

Complete Results of Example No. 4
Original Test Data



CORRELATION TEST PM CEMS AND REFERENCE METHOD TEST DATA

R5-2014-0104710000333

PMCEMS | PM concentration
response mg/acm
Run X y
1 6.7 31
2 76 74
K] 78 21
4 9.2 37
5 10.1 6.1
6 1.1 28
7 120 49
8 18.2 83
9 13.7 45
10 146 8.2
11 19.7 13.0
12 18.0 1.1
13 203 11.9
14 202 10.6
15 19.7 9.2

PS-11 Example 4A-R 10-27-04.xis

Facility: Facility D
Location: Anytown USA
Emission Unit:  Boiler
Test Dates: November 1 to 4, 2002
Value  Units
Emission limit: 185 mglacm
14
¢
12 1 ¢
¢
¢
§ 10
8 .
£ g ¢
= s
:
8 6 1 é
)
¢
z 4 ¢
¢ ¢
2 1 ¢
0 I I I 1
0.0 50 10.0 15.0 200 2.0
PM CEMS Response
Page 1 of 1
Test Data 10/29/2004



CALCULATIONS FOR LINEAR CORRELATION

Facility:  Facility D Emission Unit: Boiler
Location: Anytown USA Test Dates: November 1 to 4, 2002
PM CEMS | PM concentration
response mg/acm CALCULATED STATISTICAL PARAMETERS
R | x y |y ) |y
1 6.7 M 5222 16.21 29.10 2.808 0.085
2 76 74 40,03 0.07 473 3.346) 16437
3 78 21 3754 2527 30.80 3.465 1.864
4 9.2 7 2.4 11.74 16.20 4.302 0.362
5 10.1 6.1 14.64 1.05 393 4.840 1.588
4 111 28 7.9 18.72 12.23 5437 6.956
/ 12 49 3N 496 429 5975 1156
8 18.2 83 18.26 138 5.01 9.680 1.906
9 13.7 45 0.05 6.90 0.60 6.991 6.206
10 14.6 8.2 0.45 115 0.72 7529 0.450
11 19.7 13] 3333 34.50 33.91 10.577 5872
12 18 1.1 16.59 15.79 16.18 9.561 2.369
13 20.3 119] 4062 2278 3042 10.935 0.930
14 20.2 108] 3935 12.06 2179 10.876 0.076
15 19.7 92 3333 430 11.97 10.577 1.896
PS-11 Example 4A-R 10-27-04 Xis Linear Calcs

R5-2014-0104710000333
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Facility: Facility D
Location: Anytown USA

R5-2014-0104710000333

RESULTS OF LINEAR CORRELATION

Emission Unit: Boiler
Test Dates: November 1 to 4, 2002

*Indicates correlation coefficient is undefined.

PS-11 Example 4A-R 10-27-04.xIs

Linear Summary

|Correlation equation: y= 419+ 0598 x|
Variable Equation Value
n Number of data points = 15 Summary of Acceptance Criteria for PS-11
X x~=1n*Sumof (x))=|  13.93 Criterion Actual | Allowable |Acceptable?
Sy Se=Sum((xx~2)=|  360| | Comelation coefficient | 0841 | 2085 no
y y~= 1 Sumof (y)=|  7.13 Confidence interval 580% | <10% yes
S, S, = Sum((y-y~1'2) = 177 Tolerance interval 18.3% | <25% ves
Sy Sy = Sum((x-x~)yry~)=| 2154 * Indicates comelation coefficient is undefined.
by by=y~bpx~=|  -1.196
L b~ SXY/SXX - 0% Plot of Linear Regression Line
S S, = SQRT(1/(n-2)(Sum{y™yy'2)=| 1925
Y iean y'atmeanxvalue=|  7.127 y
D \fromtable =]~ 2160 § 12
3 C=vsCSORTN=| tore| | )
EL EmssonLimt=| 185 g )
Cl% Cl%=CIEL*100%=|  5.80% S ¢
il n'=n= 15 2 24
Vi vfomtable=| 1485 0 ' ' ' '
” CTomaes 116 00 50 100 150 200 250
PN CEMS Response
Ky ke=U"ve=|  1.759
Tl TI=k*S =|  3.386
TI% TI%=TIEL*100% =|  18.3%
§, S,=SQART(S,/n-1))=| 3565 PS-11 Correlation Test
[ = 14§28/2)=  0.707 Calculation Spreacsheet
[ r=8QRT((1-5,"2/8,}2))=|  0.841 Version 26 10125104

Linear Summary



R5-2014-0104710000333

CALCULATIONS FOR POLYNOMIAL CORRELATION

Facility: Facility D Emission Unit: Boiler
Location: Anytown USA Test Dates: November 110 4, 2002
PM CEMS | PM concentration
response mg/acm CALCULATED STATISTICAL PARAMETERS
Run X y X X X Xy xzy v (y"—y)2 delta (yi-y~)2 Cl
1 6.7 3 45 301 2,015 21 139 4024 0854 | 04111 1821 257
2 76 74 58 439 33% 56 427 4032 11.346] 02412 007 197
3 78 2.1 61 475 3,702 16 128 4043 3775) 0.2158 52 187
4 9.2 37 85 779 7,164 3 I 4219 0270 0.129% N4 145
5 10.1 6.1 102 1,030 10,406 62 622 4423 2812 01307 105 145
8 1.1 28 123] 1,368 15,181 3 35| 4733 3735 01559 1872 159
7 12 49 144 1728 20,736 59 706| 5085 0034 | 01838 496 172
8 18.2 8.3 331 6029 109,720 151 2749 9437 1292 01253 138 142
9 137 45 188 2571 35,228 62 845| 5945 2088 0.2145 690 1.86
10 14.6 8.2 2131 312 45437 1200 1748 6502 2883 0.2103 145 184
1 19.7 13 68| 7645 150814 256 5045| 10.993 4027 01825 3450 172
12 18 11 34| 5832 1045876] 200) 359%| 9244 3444 0.1262 1579 143
13 203 19 4121 8365 189818 242 4904 11871 0053 | 02523 278 202
14 2.2 108 408 8242 186497 24| 43%| 11556 0913 | 02382 1208) 196
15 19.7 8.2 38| 7645 150,814 181 3570 10.993 3216) 01825 4300 172

Page 1 of 1
PS-11 Example 4A-R 10-27-04.xls Polynomial Calcs 10/29/2004



R5-2014-0104710000333

RESULTS OF POLYNOMIAL CORRELATION

Facility: Facility D Emission Unit; Boiler
Location: Anytown USA Test Dates: November 1 to 4, 2002
Variable Equation Value Correlation equation: y= 6188+ 0615 x + 0.04361 S
n Number of data points = 15
S, St = Sum (xij = 209 Summary of Acceptance Criteria for PS-11
S §2=Sum (xi2) = 3270 Criterion Actual | Allowable | Acceptable?
S, 3= Sum (xi3) = 55.562| | Comrslation cosfficient 0855 | 2085 yes
S S4=Sumfxid)=|  995443| | Confidence interval 768% | <10% yes
S §5=Sum (yi) = 107| | Tolerance interval 182% | <25% yes
S 6 = Sum (xiyi) = 1,704 *Indicates correlation coefficient is undefined.
$ S7 = Sum (xi2yl) = 29483
det A det A = n8254-528252+815382-5383n+528183-848181 = | 2107E+07 Check for Correlation Curve Minimum/Maximum
by h0 = (855254+515357+525653-578252-535355-94565 1 et A = 8189 Correlation curve minimum point 7.05
b; b1 = (nS654+858382+328157-528652-5783n-843185)/det A = 06815 Minimum allowable x value 6.7
b h2 = (nS257+515652+555133-528285-5356n-78181)/det A = 0.04361 Is correlation curve minimum < minimum x value? ne
S §; = Sqrt{((n-3)Sum of (y"-Y)2) = 1.843 Correlation curve maximum point NA
D D =n(5284- 53° 1#51(5382-5154)+82(5153- 52’ )=| 2107E407 Extrapolation imit for x (125% of maximum x value) NA
¢, C0=(8284.83)D = 7963  |Is correlation curve maximum > extrapolation imit? NA
¢ C1 (8382 $184)D = -4.2473
¢, (5183 -ST)D=|  4.346E-02
C, 3=(SESD = 2013501 Plot of Polynomial Regression Curve
¢ C4=(5182-n83)D=| -7.136E-03 "
Cs C5=(nS2-81)D=|  2.567E-04 ) ¢
’ L rom e - Y ; 12 1 y=0.0436x"- 0.6153x + 6,189
L Ermission Limit = w5 | §
Cl Cl=1'S, *sqri{delta-min) = 1421 5 81
Cl% (1% = CI/EL100= 7.68% g 6 4
Y vifrom table = 1515 O 4
U, Uy from table = 1.208 E 74
n n'=1/delta = 7.98 0 . . . . .
& kt=un*vi= 1.83
T e R 0.0 50 10.0 15.0 200 250
T% T1% = TIEL 1100% = 18.2% PAt CEMS Response
y~ y~ = 1n*(Sum of (yi)) = 713
S, Sy = sart(Sum of { yi-y~P2(n-1) = 3.55
r = 1-(8,"2/8y"2) = 0.73
r r=sqr((1-5,"28y"2)) = 0855
Max-min? By> 071 minimum PS-11 Comrelation Test
pA— y=-by2by= 7.05 Calculation Spreadsheet
1.25% ray 2538 Version 2-8 10125/04

* Indicates correlation coefficiant is undefined.

PS-11 Example 4A-R 10-27-04 xis Polynomial Summary 111112004



CALCULATIONS FOR LOGARITHMIC CORRELATION

R5-2014-0104710000333

Facility:  Facility D Emission Unit: Boiler
Location: Anytown USA Test Dates: November 1 to 4, 2002
PM CEMS response PM concentration
Measured | Transformed mg/acm CALCULATED STATISTICAL PARAMETERS
Run x| x=h y I ST I
1 6.7 1902 31 0439 16.214 2,669 2.244 0.732
2 16 2028 74 0.288 0075  -0.147 3173 17.871
3 78 2.054 21 0.261 25.267 2.568 3.364 1597
4 9.2 2219 37 0120 11,742 1.185 4,580 0.774
5 10.1 2313 6.1 0.064 1.054 0.259 5.267 0.694
6 11 2407 28] 0025 18.720 0.684 5.962 10.000
7 12 2485 49 0.008 4,958 0.178 6.536 2678
8 18.2 2.901 83 0113 1.317 0.395 9.604 1.700
9 13.7 2617 45( 0.003 6899 0138 7512 9.073
10 14.6 2,681 82 0013 1.152 0.124 7.981 0.048
11 19.7 2981 13 0473 34,496 2441 10.187 7912
12 18 2.890 1.4 0.106 15.787 1.293 9.523 2.488
13 203 3.011 119 0199 22785 2121 10.408 2.226
14 202 3.006 106] 0.19%4 12.064 1530 10.372 0.052
15 19.7 2.981 92[ 0173 4299 0.862 10.187 0.975
Page 10f 1
PS-11 Example 4AR 10-27-04.xIs Logarithmic Calcs 10/29/2004



R5-2014-0104710000333

RESULTS OF LOGARITHMIC CORRELATION

Facility: Facility D Emission Unit: Boiler
Location: Anytown USA Test Dates: November 1 to 4, 2002
|Correlation equation: y= -11.764 + 7.365  Ln(x) |
Variable Equation Value
n Number of data points = 15 Summary of Acceptance Criteria for PS-11
X X~ = 1/n*(Sum of (X)) = 2.57 Criterion Actual Allowable Acceptable?
Sy See=Sum((XX~)2)=|  218| | Comelation coefficient | 0.801 >085 o
y y~ = 1n*(Sum of (y) = 74 Confidence interval 6.41% <10% ves
S, 8, = Sum((y-y~)'2) = 177 Tolerance interval 20.2% <25% yes
Sy Sy, = SUm((XX~)(yry~)) = 16.0 * Indicates correlation coefficient is undefined.
by by = y~-bx~=[  -11.764
by b= Sx'y/ S = 7.365 Plot of Logarithmic Regression Curve
S, S, = SQRT(1/(n2)Sum{y™yy2)=| 2127
Y ean y'atmeanxvalue=|  7.127 14 ;
t tfomtable=| 2160 § 21 y=amtn - 1170 o ¢
Cl Cl={S"SQRT(1n)=[  1.187 ; 12
EL EmissionLimit=| 185 .
Cl% Cl%=CIEL*100%=| 641% S 4l
n n'=n= 15 2 ) v
Vi vifromtable=| 1485 0 . . . .
" U flomiables| 1184 00 50 100 150 200 250
ke k=4 = 1750 PM CEMS Response
Tl TI=k*SL= 374
T1% T1%=TUEL*100% =]  20.2%
§, S, = SART(S,J(n-1))=[ 3565 PS-11 Cortelation Test
Fl r= 14§28/2)=| 0642 Calculation Spreadshest
r r=SQRT((1-8,"2/8,"2))=| 0.801 \Version 2-6 10125104
* Indicates correlation coefficient is undefined.
PS-11 Example 4A-R 10-27-04.xis Logarithmic Summary 10/29/2004



R5-2014-0104710000333

CALCULATIONS FOR EXPONENTIAL CORRELATION

Facility:  Facility D Emission Unit; Boiler
Location:  Anytown USA Test Dates: November 1 to 4, 2002
PM concentration
PM CEMS mgfacm
response | Measured | Transformed CALCULATED STATISTICAL PARAMETERS

Run X y y=la) | o) | 0 [0y vt |y
1 6.7 31 1131 5222 0480 50071 1149 0.000
2 76 74 2001 4003  0.031 4421 1233 0.590
3 78 2.1 0742 3754 11 6.631] 1.282 0.260
4 92 37 1.308] 22.34] 0266 2438  1.383 0.006
5 10.1 6.1 1808 14.64]  0.000 0.061| 1467 0.117
6 1.1 28 1.030 799 0631 2246  1.560 0.281
7 12 49 1.589 M  0.055 0453  1.644 0.003
8 18.2 8.3 2.116]  18.26|  0.085 1248 2223 0.011
9 13.7 45 1.504 0.05| 0102 0.073|  1.803 0.089
10 14.6 82 2.104 045  0.078 0.188|  1.887 0.047
11 19.7 13 2565 3333 0549 4276  2.364 0.041
12 18 111 2407 1659 0340 2374 2205 0.041
13 203 11.9 2477 4062 0426 41571 2420 0.003
14 202 10.6 2361 3935  0.288 3367 2410 0.002
15 19.7 92 2219 3333 0156 2280 2.364 0.021

Page 10f 1
PS-11 Example 4AR 10-27-04.xIs Exponential Calcs 10/29/2004



R5-2014-0104710000333

RESULTS OF EXPONENTIAL CORRELATION

Facility:  Facility D Emission Unit. Boiler
Location:  Anytown USA Test Dates: November 1 to 4, 2002
Correlation equation: y= 1687e 00834 x
Variable Equation Value
n Number of data points = 15 Summary of Acceptance Criteria for PS-11
X x~= 1" (Sumof (g))=|  13.93 Criterion Actual Alowable | Acceptable?
S, S = Sum{{x-~2)=| 3605 Correlation coefficient 0.806 2085 no
y y~= U Sumof(y)=| 1824 Confidence interval 6.41% <10% yes
Sy Syy = Sum((yy'~1'2) = 4,66 Tolerance interval 21.3% <25% yes
Sy Sy = Sum{{x-x~Jyry~) = 33.68 * Indicates correlation coefficient is undefined.
by by =y~bx~=| 0523
b, by=e'by'=| 18687 . _
b, b= 5y/S, 7| 0093 Plot of Exponential Regression Curve
S, S, = SQRT(M(n-2)(Sumy' Ay )h2) =] 0.341 “
YA y" at mean x value = 1824 ¢
t tfiomtable=| 2160 ke
o) Cl'=t*SL'SQRT(1Mm)=|  0.1903 £ 10
LeL LCL=y~-CIl 164 IS
Ucr UCL=y-+CI] 2015 N
cl Cl=(eMUCL'-eMCLY2| 1187 ‘5’ 6
EL Emission Limit = 185 0
Cl% Cl% =CIEL'100% =]  641% 2 4
N n=n= 15
v vfomtable =] 1485 2
Uy Uy fromtable=| 1184 0 , : , .
kr kr=uves| 1759 00 50 100 150 200 50
T Tr=k'SL=| 0600 PM CEMS Response
AN (Tl=y- T 124
UL UTL =y~ + Tl 2424
Tl Ti={\UTL-eMTLY2| 3947
T1% T1%=TUEL"100% =]  21.3%
Sy Sy = SQRT(Syf(n-1)) = 0577 PS-11 Correlation Test
r = HSL28,/2)=| 0650 Calculation Spreadsheet
I r="SQRT((1-SL"28,"2)) =| 0.806 Version 26 10/25/04

*Indicates correlation coefficient is undefined.

PS-11 Example 4AR 10-27-04xis Exponential Summary 1012912004



R5-2014-0104710000333

CALCULATIONS FOR POWER CORRELATION

Facility:  Facility D Emission Unit; Boiler
Location:  Anytown USA Test Dates: November 1 to 4, 2002
PM concentration
PM CEMS response mglacm
Measured | Transformed | Measured | Transformed CALCULATED STATISTICAL PARAMETERS
Run X X = Lnx) y y=lol) | x| 6 [ v | Y
1 6.7 1.902 31 113 0439 0480 0459]  1.049]  0.0068
2 76 2.028 74 2001] 0288 0.031 0095  1.196]  0.6486
3 18 2.054 2.1 0.742] 0261 117 0553 1.227] 02348
4 92 2219 37 1308 0120 0266 0.178] 14201  0.0124
5 10.1 2313 6.1 1808  0.064[ 0.000 0.004] 1529  0.0781
6 1.1 2407 28 1.030[ 0025 0631 0.126) 1639 03717
7 12 2485 49 1589  0.006] 0.055 0.019] 1730  0.0199
8 18.2 2.901 83 2116 0113 0.085 0.008] 2218 0.0103
9 137 2617 45 1.504]  0.003[ 0102 0017 1885 01454
10 146 2,681 82 2104  0.013] 0078 0.032] 1960  0.0208
11 19.7 2.981 13 2565 0173 0549 0.308] 2310  0.0648
12 18 2.890 1.1 24070  0.106) 0340 0.190] 2205  0.0409
13 20.3 3.01 119 24770 0199 0426 0201 2345  0.0172
14 20.2 3.006 10.6 2361 0194] 0288 0.236) 2.340]  0.0004
15 197 2.981 92 22191 0473 0156 0.164) 2310  0.0083

Page 10of 1
PS-11 Example 4AR 10-27-04.xis Power Calcs 10/29/2004



RESULTS OF POWER CORRELATION

R5-2014-0104710000333

Facility:  Facility D Emission Unit; Boiler
Location: Anytown USA Test Dates: November 1 to 4, 2002
Correlation equation: y= 03084 x 116%
Variable Equation Value
n Number of data points = 15 Summary of Acceptance Criteria for PS-11
X" K~=1n*(Sumof ()} =| 2.565 Criterion Actual Allowable Acceptable?
Sy S = SUm((ex~2)=[ 218 Correlation coefficient 0.782 >0.85 no
y y~= Unt(Sumof (y)) = 1.824 Confidence interval 6.76% <10% yes
Syy Syy = Sum(iyy~y2)=| 466 Tolerance interval 22.6% <28% yes
Sy Sep = SUm{(X X~y =) 255 * Indicates correlation coefficient is undefined.
bo' bg’ = y'~-b1X~ = AT
bo bo = eAbg’ = 0308
b, b, =88y = 1170
8, S, = SQRT(1/(n-2)(Sum(yAy'2)) =| 0360 Plot of Power Function Regression Curve
Y nean y™at mean x value =  1.824 ‘
& f:fromtable =|  2.160
cl Cl=t*SL*SQRT(1)=|  0.201 121
LcL LCL'=y~-Cll 1624 5104
uct UCL'=y~+CIf 2025 I
Cl Cl=(g"UCL'- e"LCLY2| 1.251 § 81
EL Emission Limit=| 18,5 2 6.
Cl% Cl% =CIEL"00% =| 6.76% $
r n=n= 15 E 44
Vi v:fromtable =| 1485 ;.
Uy Uy from table =| 1,184
kT kT - un'*vf - 1759 0 T T T T
- 00 50 100 150 200 250
Tr =S5 0632 —
K TC=ye 11 119 esponse
UTL UTL' =y~'+TI| 2457
Tl Ti={"UTL -eMTLY2| 4187
1% T1% = TVEL*100% =| 22.6%
S, S, = SQRT(Syin-1)) = 0.577 PS-11 Correlation Test
r = 481 52)= 0612 Caloulation Spreadshest
r r=SQRT((1-SL"2/8,/2)) =| 0.782 Version 2-6 10125004
* Indicates correlation coefficient is undefined.
PS-11 Example 4AR 10-27-04xis Power Summary 1012912004



R5-2014-0104710000333

SELECTION OF BEST MODEL
Facility: Facility D Emission Unit: Boiler
Location:  Anytown USA Test Dates: November 1 to 4, 2002
Model Corrgtatlon 50859 Confidence inferval | 0% 7 Tolerance interval half] 25042 Min/max within -~ | Does mc‘)de‘t meet all
coefficient (a) | = half range percentage| -~ range percentage | ~ allowable range? criteria?
Linear 0.841 No 5.80% Yes 18.3% Yes (b) No
Polynomial 0.855 Yes 7.68% Yes 18.2% Yes No No
Logarithmic 0.801 No 6.41% Yes 20.2% Yes (b) No
Exponential 0.806 No 6.41% Yes 21.3% Yes (b) No
Power 0.782 No 6.76% Yes 22.6% Yes (b) No

(a) *indicates correlation coefficient is undefined; mode! does not satisfy criterion.
(b) Not applicable; criterion applies only to polynomial model.
Best model:  None acceptable

PS-11 Correlation Test
Calculation Spreadsheet
Version 2-6 10/25/04

PS-11 Example 4A-R 10-27-04.xls Best Model 10/29/2004
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Appendix A.S

Complete Results of Example No. 4
With Five Additional Test Runs



CORRELATION TEST PM CEMS AND REFERENCE METHOD TEST DATA

R5-2014-0104710000333

PMCEMS | PM concentration
response mg/acm
Run X y
1 6.7 31
2 76 74
K] 78 21
4 9.2 37
5 10.1 6.1
6 1.1 28
7 120 49
8 18.2 83
9 13.7 45
10 146 8.2
11 19.7 13.0
12 18.0 1.1
13 203 11.9
14 202 10.6
15 19.7 9.2
16 52 24
17 8.6 48
18 14.1 6.2
19 145 7.0
20 17.3 8.6

PS-11 Example 4B-R 20 Runs 10-27-04 xis

Facility: Facility D
Location: Anytown USA
Emission Unit:  Boiler
Test Dates: 11/1-11/4102, 1/7-1/8/03
Value  Units
Emission limit: 185 mglacm
14
¢
12 1 ¢
¢
¢
§ 10
- ¢
0]
[ 4
£ ¢ ct
0 ¢
§ YL
) A
z ¢ ‘
¢ ¢
21 M)
0 I I 1 1
0.0 50 10.0 15.0 200 2.0
PM CEMS Response
Page 1 of 1
Test Data 10/29/2004



R5-2014-0104710000333

CALCULATIONS FOR LINEAR CORRELATION

Facility:  Facility D Emission Unit: Boiler
Location: Anytown USA Test Dates: 11/1-11/4/02, 1/7-1/8/03
PM CEMS | PM concentration
response mg/acm CALCULATED STATISTICAL PARAMETERS

Rn | X y i |y ) |y

1 6.7 M 4529 13.65 2487 2.936 0.027
2 76 74 33.99 0.37 -3.53 3452 15583
3 78 21 370 22,04 2643 3.567 2152
4 9.2 37 1789 9.58 13.09 4.370 0.449
5 10.1 6.1 11.09 048 2.31 4,886 1474
4 111 28 543 15,96 9.31 5459 7.071
/ 12 49 2.04 3.59 271 5.975 1156
8 18.2 83 2275 2.27 718 9.530 1512
9 13.7 45 0.07 527 -0.62 6.950 6.002
10 14.6 8.2 1.37 197 1.64 7.466 0.539
11 19.7 13 393 38.50 38.91 10.390 6.813
12 18 1111 2088 18.63 19.67 9.415 2839
13 20.3 119 4120 26.06 35.07 10.734 1.360
14 20.2 106 4583 1448 25.76 10.677 0.006
15 19.7 92( 3931 578 15.08 10.390 1416
16 52 24 6773 19.32 36.17 2.076 0.105
17 8.6 48 2333 3.98 9.64 4,026 0.599
18 14.1 6.2 0.45 0.35 -0.40 7179 0.959
19 145 7 114 0.04 0.22 7408 0.167
20 173 86| 1498 3.26 6.9 9.014 0171

Page 10f 1
PS-11 Example 4B-R 20 Runs 10-27-04.xs Linear Calcs 10/29/2004



RESULTS OF LINEAR CORRELATION

Facility: Facility D
Location: Anytown USA

Emission Unit: Boiler

Test Dates: 11/1-11/4/02, 1/7-1/8/03

R5-2014-0104710000333

|Correlation equation: y= 0905+ 0573 x|
Variable Equation Value

n Number of data points = 20 Summary of Acceptance Criteria for PS-11
X x~=1n*Sumof (x))=| 1343 Criterion Actual | Allowable |Acceptable?
S, S, =Sumpx~2)=l 472 Correlation coefficient | 0861 | 085 yes
y y~= 1 (Sumof () =|  6.80 Confidence interval 425% | <10% yes

S, S, = Sum(fy-y~\'2)= 205 Tolerance interval 147% | $25% yes

Sy Sy = Sum((x-x~)yy~)=| 2705 * Indicates correlation coefficient is undefined.
by by =y~bx~=|  -0.905
d i SXy/SXX - 579 Plot of Linear Regression Line
S S, = SQRT(1/(n-2)(Sum{y™y)'2)=| 1673

Y e y atmeanxvalue=|  6.795 1
D \fromtable =]~ 2101 § 12
0 C=USCSORTIN=| 0788 | £ )
EL EmissionLimit=] 185 g )

Cl% Cl%=CIEL*100%=|  4.25% 3 4
il n'=n= 20 2 24
Vi v fomtable=| 1384 0 ' ' ' '
" L fomates] 1177 00 50 100 150 200 250

PN CEMS Response

Ky ke=U"ve=| 1629
Tl TI=k*S =| 2726

TI% TI%=TIEL*100% =|  14.7%
S §,= SQRT(S,/(n-1))=| 3289 PS-11 Correlation Test
[ = 14§28/2)=| 0741 Calculation Spreacsheet
[ r=8QRT((1-5,"2/8,}2))=|  0.861 Version 26 10125104

* Indicates correlation coefficient is undefined.
PS-11 Example 4B-R 20 Runs 10-27-04 xis Linear Summary Linear Summary



R5-2014-0104710000333

CALCULATIONS FOR POLYNOMIAL CORRELATION

Facility: Facility D Emission Unit: Boiler
Location: Anytown USA Test Dates: 11/1-11/4/02, 1/7-1/8/03
PM CEMS | PM concentration
response mg/acm CALCULATED STATISTICAL PARAMETERS
Run X y X X X Xy xzy v (y"—y)2 delta (yi-y~)2 Cl
1 6.7 3 45 301 2,015 21 139 3578 0220 02035 1365  1.52
2 76 74 58 439 33% 56 427 3745 13360 0.1340 037 1.23
3 78 2.1 61 475 3,702 16 128 3789 2852 0.1240 204 119
4 9.2 37 85 779 7,164 3 I 4987 0.218| 00937 958 1.03
5 10.1 6.1 102 1,030 10,406 62 622 4474 2643 0.0972 048] 105
8 1.1 28 123] 1,368 15,181 3 35| 4878 4310 01090 15.96) 1.1
7 12 49 144 1728 20,736 59 706 529 0153 01197 350 116
8 18.2 8.3 331 6029 109,720 151 2749 953 1516 | 0.0982 221 105
9 137 45 188 2571 35,228 62 845 6.214 2937 0.1259 511 119
10 14.6 8.2 2131 312 45437 1200 1748| 6776 2029 01195 197 116
1 19.7 13 68| 7645 150814 256 5045] 10.919 4329 01725 3850 140
12 18 11 34| 5832 1045876] 200) 3596 9357 3039 00047 1853 104
13 203 19 4121 8365 189818 42| 4904 11514 0149 | 02351 2606 163
14 2.2 108 408 8242 186497 24| 43%| 11413 0662 02230 1448 159
15 19.7 8.2 38| 7645 150,814 181 3570 10.919 2956 01725 578 140
18 52 24 2 141 731 12 65| 3413 1027 04433 19320 24
17 86 48 74 636 5470 4 355 3990 0657 | 0.099% 308 106
18 14.1 6.2 199 2803 39525 87 1233 6457 0066 | 01238 035 118
19 145 7 20 3049 44,205 102 1472 6711 0084 | 01205 004 147
20 17.3 8.6 29] 5178 89,575 49| 2574| 876G 0028 | 00903 3260 101
Page 1 of 1

PS-11 Example 48-R 20 Runs 10-27-04.xls Polynomial Calcs 10/29/2004
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RESULTS OF POLYNOMIAL CORRELATION

Facility: Facility D Emission Unit; Boiler
Location: Anytown USA Test Dates: 11111114102, 1/7-1/8/03
Variable Equation Value Correlation equation: y= 3935+ 0263 x + 00137 S
n Number of data points = il
S, S1=Sum (xij = 269 Summary of Acceptance Criteria for PS-11
S §2=Sum (xi2) = 4079 Criterion Actual | Allowable | Acceptable?
S, 3= Sum (xi3) = 67.388| | Comslation cosfficient 0875 | 2085 yes
S S4=Sumfxid)=| 1174948 | Confidence interval 541% | <10% yes
S §5=Sum (yi) = 136 | Tolerance interval 104% | <25% yes
S 6 = Sum (xiyi) = 20% *Indicates correlation coefficient is undefined.
$ S7 = Sum (xizyl) = 35,161
det A det A = n8254-523252+815382-383n+528153-848181 = |  6.865E+07 Check for Correlation Curve Minimum/Maximum
by h0 = (855254+515357+525653-578252-535385-545651 et A = 3935 Correlation curve minimum point 420
b; b1 = (nS654+858382+328157-528652-5753n-845185)/det A = -0.263 Minimum allowable x value 52
b h2 = (nS257+515652+555133-525285-5356n-78181)/det A = 0.03137 Is correlation curve minimum < minimum x value? yes
S §; = Sqrt{((n-3)Sum of (y"-Y)2) = 159 Correlation curve maximum point NA
D D =n(5284- 53° #51(5382-5154)+52(5153- 57 )=| 6.865E407 Extrapolation imit for x (125% of maximum x value) NA
¢, C0=(8284-83)D = 3705 |Is correlation curve maximum > extrapolation imit? NA
¢ C1 (S3S2 $184)D = -0.5942
C, (5133 SZ)YD=| 212E02
C, 3=(SESD=|  9993E02 Plot of Polynomial Regression Curve
¢ C4=(5182n83)D=| -3.667E-03 “.
C; C5=(nS281)D=| 137504 )
n p—— YT ; 124 y=00314x" - 0.2634x + 3.9349 :
L Evisson Limi = & | B
Cl Cl=1'S, *sqri{delta-min) = 1.011 5 81
Cl% (1% = CI/EL100= 5.47% g 6 4
Y vifrom table = 1.400 O 4
U, Uy from table = 1195 E 9
n n' = 1/delta = 11.07 0 . . . . .
i Mtz 169 00 50 100 150 20 250
Tl Ti=kt'sp= 2,668
% TW% = TEL "100% = 14.4% PM CEMS Response
y~ y~ = 1n*(Sum of (yi)) = 6.80
S, Sy = sart(Sum of { yi-y~P2(n-1) = 3.29
r = 1-(8,"218y"2) = 0.765
r r=sqr((1-5,"28y"2) = 0875
Max-min? By> 071 minimum PS-11 Comrelation Test
pA— y=-by2by= 420 Calculation Spreadsheet
1.25% ay 2.38 Version 2-8 10125/04

* Indicates correlation coefficiant is undefined.

PS-11 Example 4B-R 20 Runs 10-27-04.xls Polynomial Summary 111112004



R5-2014-0104710000333

CALCULATIONS FOR LOGARITHMIC CORRELATION

Facility:  Facility D Emission Unit: Boiler
Location: Anytown USA Test Dates: 11/1-11/4/02, 1/7-1/8/03
PM CEMS response PM concentration
Measured | Transformed mg/acm CALCULATED STATISTICAL PARAMETERS
Run X x=In(x) y G IR
1 6.7 1.902 34 0385 13.653 2.292 217 0.146
2 76 2.028 74 0244 0366 -0.299 3.546 14.854
3 78 2.054 211 0219 22.043 2.198 3.7 2614
4 9.2 2219 371 0.002 9.579 0.938 4802 1.214
5 10.1 2313 6.1 0044 0.483 0.146 5416 0.468
6 1.1 2407 28] 0.013 15.960 0.461 6.036 10.473
7 12 2485 49 0.001 3.591 0.071 6.549 2.718
8 18.2 2.901 83 0144 2.265 0.570 9.287 0.974
9 13.7 2617 45 0.009 5207 0218 7420 8.525
10 14.6 2.681 82| 0025 1974 0.223 7.838 0.131
11 19.7 2.981 13 0210 38.502 2.844 9.808 10.190
12 18 2.890 111 0135 18.533 1.584 9.214 3.555
13 203 3.011 119 0238 26.061 2493 10.005 3.591
14 202 3.006 106 0234 14.478 1.839 9.973 0.394
15 19.7 2.981 92| 0210 5784 1.102 9.808 0.369
16 52 1649 24] 0763 19.316 3.840 1.051 1.820
17 86 2.152 48] 0137 3.980 0.739 4.359 0.195
18 14.1 2.646 62 0015 0354  0.074 7.609 1.985
19 145 2674 71 0.023 0.042 0.031 7.793 0.629
20 17.3 2.851 86| 0.108 3.258 0.593 8.954 0.125

Page 10f 1
PS-11 Example 4B-R 20 Runs 10-27-04.xis Logarithmic Calcs 10/29/2004
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RESULTS OF LOGARITHMIC CORRELATION

Facility: Facility D Emission Unit; Boiler
Location: Anytown USA Test Dates: 11/1-11/4/02, 1/7-1/8/03
|Correlation equation: y= 9788 + 6574 Ln(x) |
Variable Equation Value
n Number of data points = 20 Summary of Acceptance Criteria for PS-11
X X~ = 1/n*(Sum of (X)) = 2.52 Criterion Actual Allowable Acceptable?
Sy Sy = SUM(XX~12)=| 325 Correlation coefficient |  0.816 >085 o
y y~ = n*(Sum of (y) = 6.8 Confidence interval 4.82% <10% ves
S, Sy =Sum((y-y'2)=| 208 Tolerance interval 16.7% <25% yes
Sy Sy, = SUM((XX~)(yry~)) = 214 * Indicates correlation coefficient is undefined.
Dy by =y~bx~=  -0.788
by b= Sx'y/ Spe=|  6.574 Plot of Logarithmic Regression Curve
S S, = SQRT(1/(n-2)(Sum(y™y)'2))=|  1.900
Ve yatmeanxvalue=[  6.795 14 ;
t thomtable=[ 2101 g 15 | y=65man)-o787 o &
Cl Cl=tS*SQRT(1n)=[ 0893 £ 5l
EL EmissionLimit=| 185 .
Cl% Cl%=CIEL*100%=|  4.82% $ 4.
n n=n= 20 2 ) ¢
Vi vifromtable=|  1.384 0 . . . .
n U fomiables| 1477 00 50 100 150 200 250
ke k=4 = 1629 PM CEMS Response
Tl TI=k*SL= 3.09
TI% TI%=TIEL*100% =]  16.7%
S, §,= SQRT(S,/(n-1))= 3289 PS-11 Cortelaton Tes!
Fl r= 1482/8/2)=|  0.666 Calculation Spreadshest
r r=SQRT((1-§,"2/8,"2))=| 0.816 \Version 2-6 10125104
* Indicates correlation coefficient is undefined.
PS-11 Example 48-R 20 Runs 10-27-04.xis Logarithmic Summary 10/29/2004
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CALCULATIONS FOR EXPONENTIAL CORRELATION

Facility: ~ Facility D Emission Unit; Boiler
Location: ~ Anytown USA Test Dates: 11/1-11/4/02, 1/7-1/8/03
PM concentration
PM CEMS mg/acm
response | Measured | Transformed CALCULATED STATISTICAL PARAMETERS

Run X y yela) | o) | o) {0y | v |
1 6.7 31 1131 4529 0429 4409 1157 0.001
2 76 74 2001 3399 0046 1253 1241 0.578
3 78 2.1 0.7421 3170 1.0 5881  1.260 0.268
4 92 37 1308 1789  0.229 2023 1.391 0.007
5 10.1 6.1 1808  11.09]  0.000 0.073] 1475 0.111
6 1.1 28 1.030 543 0573 1763  1.569 0.290
7 12 49 1.589 2.04]  0.039 0282  1.653 0.004
8 18.2 83 2116 2275  0.109 1573 2233 0.014
9 13.7 45 1.504 0.07  0.080 -0.076] 1812 0.095
10 14.6 82 2.104 137 0.101 0372 1.8% 0.043
11 19.7 13 2565 3931 0608 4881 2373 0.037
12 18 1.1 2407 2088 0.385 2836 2214 0.037
13 203 119 2477 4720 0476 4741 2429 0.002
14 202 106 2361 4583 0330 3889 2420 0.003
15 19.7 92 2219 3931 04187 2713 2373 0.024
16 52 24 0875 67.73] 0.830 7498  1.017 0.020
17 8.6 48 1569 2333  0.047 1.092[  1.335 0.055
18 14.1 6.2 1.825 045(  0.001 0.026] 1.849 0.001
19 145 7 1.946 1441 0.025 0171 1.887 0.004
20 17.3 86 2152 1498 0133 1414 2148 0.000

Page 10f 1
PS-11 Example 4B-R 20 Runs 10-27-04.xis Exponential Calcs 10/29/2004
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RESULTS OF EXPONENTIAL CORRELATION

Facility:  Facility D Emission Unit. Boiler
Location:  Anytown USA Test Dates: 11/1-11/4/02, 1/7-1/8/03
Correlation equation: y= 1700e 00935 x
Variable Equation Value
n Number of data points = 20 Summary of Acceptance Criteria for PS-11
X x~=1n*(Sumof (g)) =| 1343 Criterion Actual Alowable | Acceptable?
S, S = Sum{fx-~)2)=| 4718 Correlation coefficient 0.840 2085 no
y y~=UnSumof(y)=| 1786 Confidence interval 4,529 <10% yes
Sy Syy = Sum((yy'~1'2) = 572 Tolerance interval 16.3% <25% yes
Sy Sy = Sum(ix-x~Jyry~)=| 4412 * Indicates correlation coefficient is undefined.
by by =y~bx~=| (.53
b, by=e'by'=| 1700 . _
b, b= 5y/S, 7| 0094 Plot of Exponential Regression Curve
S, S, = SQRT(M(n-2)(Sum{yAyh2) =] 0.298 “
YA y" at mean x value = 1.786 ¢
t tfiomtable=| 2101 B y= 1760 ' :
o) Cl'=t*SL'SQRT(1m)=|  0.1398 £ 10
LeL LCU=y~-CIl 1547 IS
Ucr UCL=y-+0]_ 19% N
cl Cl=(e\UCL'-eMCLY2| 0837 ‘5’ 6
EL Emission Limit = 185 0
Cl% Cl% =CIEL'100% =]  4.52% z 4
n n=n= 20
v vfomtable =] 1384 2
Uy Uy fromtable=| 1177 0 , : , .
kr kr=u =] 1629 00 50 100 150 200 50
T Tr=k'SL=| 0485 PM CEMS Response
AN (Tl=y-TI 130
UL UTL =y~ + Tl 2271
Tl Ti={eUTL'-eMTLY2|  3.007
T1% T1%=TUEL"100% =]  16.3%
Sy Sy = SQART(Syf(n-1)) = 0.549 PS-11 Correlation Test
r = HSL28,/2)=|  0.706 Calculation Spreadsheet
I r="SQRT((1-SL"2/8,"2)) =|  0.840 Version 26 10/25/04

*Indicates correlation coefficient is undefined.

PS-11 Example 4B-R 20 Runs 10-27-04 Xis Exponential Summary 1012912004



Facility:  Facility D
Location:  Anytown USA

CALCULATIONS FOR POWER CORRELATION

Emission Unit: Boiler
Test Dates:  11/1-11/4/02, 1/7-1/8/03

R5-2014-0104710000333

PM concentration
PM CEMS response mglacm
Measured | Transformed | Measured | Transformed CALCULATED STATISTICAL PARAMETERS
Run X X = Lnix) y y=l) | 6| o) {0 v |
1 6.7 1.902 31 1131 0385 0420 0406[  1.1000  0.0010
2 76 2.028 74 2001  0244]  0.046 -0.106] 1240  0.5802
3 78 2.054 2.1 0742 0219  1.001 0489 1269 02773
4 9.2 2.219 37 1.308] 0.092(  0.229 0.145[ 1451  0.0204
5 10.1 2.313 6.1 1.808]  0.044|  0.000 -0.005| 1554  0.0645
6 1.1 2407 28 1030  0.013| 0573 0.087[ 1659  0.3959
7 12 2485 49 15891  0.001|  0.039 0.007[  1.745  0.0243
8 18.2 2.901 83 2.4116]  0.144]  0.109 0.125( 2206  0.0080
9 137 2617 45 1.504]  0.009[  0.080 0.027) 1892  0.1502
10 14.6 2.681 82 2104 0.025) 0101 0.050[ 1962  0.0202
11 19.7 2.981 13 2565 02101 0.606 0357 22031  0.0737
12 18 2.890 1.1 2407 0435 0385 0.228] 2194  0.0455
13 203 3.011 11.9 2477 0238 0476 0337 23271 0.0225
14 202 3.006 10.6 2361 0234 0330 0278 23211 0.0016
15 19.7 2.981 9.2 2219 02101 0187 0.198] 22931  0.0055
16 52 1.649 24 0875 0763 0830 0.796( 0820  0.0031
17 8.6 2.152 48 1569 0137  0.047 0.081 1.377]  0.0369
18 14.1 2.646 6.2 1825  0.015|  0.001 0.005(  1.923]  0.0098
19 145 2674 7 1.946]  0.023(  0.025 0.024[  1.954|  0.0001
20 17.3 2.851 8.6 2152 0108 0133 0120 21501  0.0000
Page 10of 1
PS-11 Example 4B-R 20 Runs 10-27-04 xis Power Calcs 10/29/2004



RESULTS OF POWER CORRELATION

R5-2014-0104710000333

Facility:  Facility D Emission Unit; Boiler
Location: Anytown USA Test Dates: 11/1-11/4/02, 1/7-1/8103
Correlation equation: y= 0.3665 x 11082
Variable Equation Value
n Number of data points = 20 Summary of Acceptance Criteria for PS-11
X" K~=1n*Sumof (x))=| 2522 Criterion Actual Allowable Acceptable?
Sy Sep = SUm((X-x~2)=[ 325 Correlation coefficient 0.824 >0.85 no
y y~= Ut (Sumof (y)) = 1.786 Confidence interval 473% <10% yes
Syy Syy = Sum(ywy~y2)=[ 572 Tolerance interval 17.0% <28% yes
Syy Sep = Sum{(XX~)yry~) =] 360 * Indicates correlation coefficient is undefined.
bo' bg’ = y'~-b1X~ =l 1004
bo bo = eAbg’ = 0367
b, b, =88,y = 1106
8, S, = SQRT(H/(n-2)(Sum(y A2 =| 03114 Plot of Power Function Regression Curve
Y nean y™at mean x value =| 1.786 ‘
& f:fromtable =| 2,101
cl Cl=t*SL"SQRT(1) =  0.146 121
LcL LCL'=y~-Cl| 1640 5104
ucL UCL'=y~+CIf 1933 I
Cl Cl=(e"UCL'-&"LCLY2| 0875 § 8
EL Emission Limit=| 18,5 2 6.
Cl% CI% =CIEL*100% =| 4.73% §
r n=n= 20 E 44
Vi v:fromtable =) 1384 ;.
Uy Uy from table =| 1477
kT kT - un'*vf - 1629 0 T T T T
- 00 50 100 150 200 250
Tr =82 0507 —
K [TC =y~ 11| 1280 esponse
uTL UTL'=y~'+TI]  2.293
Tl Ti={eUTL - e"LTLY2] 3154
Ti% Ti% =TIEL*100% =| 17.0%
S, S, = SQRT(Syfin-1))=[  0.549 PS-11 Correlation Test
r = 1481 §2)=| 0679 Caloulation Spreadshest
r r=SQRT((1-SL"2/8,/2)) =| 0.824 Version 26 10125004
* Indicates correlation coefficient is undefined.
PS-11 Example 4B-R 20 Runs 10-27-04 Xis Power Summary 1012912004



R5-2014-0104710000333

SELECTION OF BEST MODEL
Facility: Facility D Emission Unit. Boiler
Location:  Anytown USA Test Dates:  11/1-11/4/02, 1/7-1/8/03
Model Corrglatmn >0859 Confidence interval <10%2 Tolerance interval half <95%7 Min/max within | Does mc.)de‘! meet all
coefficient (a) half range percentage range percentage allowable range? criteria?
Linear 0.861 Yes 4.25% Yes 14.7% Yes (b) Yes
Polynomial 0875 Yes 547% Yes 14 4% Yes Yes Yes
Logarithmic 0816 No 482% Yes 16.7% Yes (b) No
Exponential 0.840 No 452% Yes 16.3% Yes (b) No
Power (.624 No 4.73% Yes 17.0% Yes (b) No

(a) *indicates correlation coefficient is undefined; mode! does not satisfy criterion.
(b} Not applicable; criterion applies only to polynomial model.
Bestmodel:  Polynomial

PS-11 Correfation Test
Calculation Spreadsheet
Version 2-6 10/25/04

PS-11 Example 4B-R 20 Runs 10-27-04 xls Best Model 10/29/2004



R5-2014-0104710000333

Appendix A.6

Complete Results of Example No. 4 —
With Run 2 Excluded



CORRELATION TEST PM CEMS AND REFERENCE METHOD TEST DATA

R5-2014-0104710000333

PMCEMS | PM concentration
response mg/acm
Run X y
1 6.7 31
3 78 2.1
4 9.2 37
5 10.1 6.1
6 1.1 28
7 120 49
8 18.2 83
9 13.7 45
10 146 8.2
11 19.7 13
12 18.0 1.1
13 203 11.9
14 202 10.6
15 19.7 92
16 5.2 24
17 8.6 48
18 141 6.2
19 145 7
20 17.3 8.6

PS-11 Example 4C-R 19 Runs 10-27-04.xIs

Facility: Facility D
Location: Anytown USA
Emission Unit:  Boiler
Test Dates: 11/1-11/4102, 1/7-1/8/03
Value  Units
Emission limit: 185 mglacm
14
¢
12 1 ¢
¢
¢
§ 10
- ¢
0]
[ 4
£ 8 ¢t
§ ¢
§ YL
) A
z ¢ ‘
¢ ¢
21 M)
0 I I 1 1
0.0 50 10.0 15.0 200 2.0
PM CEMS Response
Page 1 of 1
Test Data 10/29/2004



R5-2014-0104710000333

CALCULATIONS FOR LINEAR CORRELATION

Facility:  Facility D Emission Unit: Boiler
Location: Anytown USA Test Dates: 11/1-11/4/02, 1/7-1/8/03
PM CEMS | PM concentration
response mg/acm CALCULATED STATISTICAL PARAMETERS

Rn | X y i |y ) |y ]

1 6.7 3 4952 1342 25.78 2.338 0.581
3 78 21 325 21.75 2768 3.029 0.864
4 9.2 37 2058 9.38 13.90 3.910 0.044
5 10.1 6.1 13.23 044 241 4.476 2638
4 111 2.8 6.95 15.71 1045 5.105 5312
/ 12 49 3.02 347 324 5.671 0.5%
8 18.2 83 19.92 2,36 6.86 9.570 1613
9 13.7 45 0.00 512 0.08 6.740 5.018
10 14.6 8.2 0.75 2,06 1.24 7.306 0.799
11 19.7 13] 3556 38.90 3719 10.513 6.183
12 18 1.1 18.17 18.81 18.49 9.444 2,141
13 203 119 4308 26.39 33.71 10.891 1.019
14 20.2 108] 4177 1472 24.80 10.828 0.052
15 19.7 92[ 3556 5.94 1453 10.513 1.725
16 52 24| 7288 19,04 371.25 1.3%4 1.011
17 86 48 2639 385 10.08 3.533 1,606
18 14.1 6.2 0.13 0.32 -0.20 6.992 0.627
19 145 7 0.58 0.06 0.18 7.243 0.059
20 173 86| 1270 337 6.54 9.004 0.163

Page 10f 1
PS-11 Example 4C-R 19 Runs 10-27-04 xis Linear Calcs 10/29/2004



RESULTS OF LINEAR CORRELATION

Facility: Facility D
Location: Anytown USA

Emission Unit: Boiler

Test Dates: 11/1-11/4/02, 1/7-1/8/03

R5-2014-0104710000333

*Indicates correlation coefficient is undefined.

PS-11 Example 4C-R 19 Runs 10-27-04.xis

Linear Summary

|Correlation equation: y= 4876+ 0629 x|
Variable Equation Value
n Number of data points = 19 Summary of Acceptance Criteria for PS-11
X x~=1n*Sumof (x))=|  13.74 Criterion Actual | Allowable |Acceptable?
S, S, =Sumpx~r2)=| 436 Correlation coefficient | 0912 | 2085 yes
y y~= ' (Sumof (y)=|  6.76 Confidence interval 363% | <10% yes
S, S, = Sum(fy-y~\'2)= 205 Tolerance interval 124% | <$25% yes
Sy Sy = Sum((x-x~)yry~)=| 2742 * Indicates correlation coefficient is undefined.
by by=y~bx~=  -1.876
d i SXy/SXX - 0629 Plot of Linear Regression Line
S, S, = SQRT(1/(n-2)(Sum(y y)'2))=|  1.386
Y e y'atmeanxvalue=|  6.763 19
t tfomtable=| 2110 § 12
o| C=yS SR ogn1| | £
EL EmissionLimit=] 185 g 5
Cl% Cl%=CI/EL*100% =  3.63% S ¢
il n'=n= 19 2 2
Vi v fomtable=| 1400 0 ' ' ' '
" CTom@eT 1178 00 50 100 150 200 250
PM CEMS Response
ke ke=uve=|  1.649
Tl TI=k'S, =| 2.285
Ti% TI%=TIEL*00% =|  12.4%
S §,= SQRT(S,/(n-1))=| 3376 PS-11 Correlation Test
[ = 14828/2)=| 0831 Calculation Spreacsheet
[ r=8QRT((1-5,"2/8,/2))=| 0.912 Version 26 10125104

Linear Summary



R5-2014-0104710000333

CALCULATIONS FOR POLYNOMIAL CORRELATION

Facility: Facility D Emission Unit: Boiler
Location: Anytown USA Test Dates: 11/1-11/4/02, 1/7-1/8/03
PM CEMS | PM concentration
response mg/acm CALCULATED STATISTICAL PARAMETERS
Run X y X X X Xy xzy v (y"—y)2 delta (yi-y~)2 Cl
1 6.7 31 45 301 2,015 21 139 2906 0038 | 02329 13420 1.3
3 78 2.1 61 475 3,702 16 128 326 1313 01432 2075 1.06
4 9.2 37 85 779 7,164 U I 370 0.005| 01039 9.38] 080
5 10.1 6.1 102 1,030 10,406 62 622 4.161 3.761) 0.1035 044 080
6 1.1 2.8 123] 1,368 15,181 3 45| 4644 3400 01125 1571 084
7 12 49 144 1728 20,736 59 708 5128 0050 01215 3471 097
8 18.2 8.3 331 6029 109,720 151 2749 9569 1610 00983 2.36] 0.8
9 137 45 188 2571 35,228 62 845| 6.144 2702 01262 512 099
10 14.6 8.2 131 3112 45437 1200 1748| 6745 2118 0119 206 097
1 19.7 13 388 7645 150614 256 5045| 10.944 4227 01725 3890] 116
12 18 11 4| 582 104576] 200) 3596 9.3%4 2910 00948 1881 086
13 20.3 19 4121 8365 169818 242 4904 11.527 0139 02351 2639 136
14 2.2 106 408 8242 186497 214| 4325| 11428 0686 | 02230 1“1
15 197 §2 38| 7645 150,814 181 3570 10.944 3042 01725 504 116
18 52 24 2 141 73 12 65| 2543 0020 04924 1904 196
17 86 48 74 636 5470 41 35| 3533 1806 | 0.1131 3850 004
18 141 6.2 199 2803 39525 87 1233 6408 0042 01239 032 098
19 145 7 20 3049 44,205 02| 1472| 6476 0105| 01205 006 097
20 173 8.6 299] 5178 89,575 149 2574 8800 0.040 | 0.0904 337 084

Page 1 of 1
PS-11 Example 4CR 19 Runs 10-27-04.xls Polynomial Calcs 10/29/2004



R5-2014-0104710000333

RESULTS OF POLYNOMIAL CORRELATION

Facility: Facility D Emission Unit; Boiler
Location: Anytown USA Test Dates: 11111114102, 1/7-1/8/03
Variable Equation Value Correlation equation: y= 2188+ 0.067 x + 002596 S
n Number of data points = 19
S, S1=Sum (xij = 261 Summary of Acceptance Criteria for PS-11
S §2=Sum (xi2) = 402 Criterion Actual | Allowable | Acceptable?
S, 3= Sum (xi3) = 66,929 | Comslation coefficient 0.921 2085 yes
S S4=Sumfxid)=| 1171613| | Confdence interval 454% | <10% yes
S §5=Sum (yi) = 128 | Tolerance interval 121% | <% yes
S 6 = Sum (xiyi) = 2038 *Indicates correlation coefficient is undefined.
$ S7 = Sum (xizyl) = 34,734
det A det A = n8254-523252+815382-383n+528153-848181 = |  5.945E+07 Check for Correlation Curve Minimum/Maximum
by b0 = (855254+515357+525653-578252-535385-34565 1 et A = 2189 Correlation curve minimum point 1.29
b; b1 = (nS654+85838 2432815752865 2-5753n-843185)/det A = -0.067 Minimum allowable x value 5.2
b h2 = (nS257+515652+555153-525285-5356n-878 181 )/det A = 0.02596 Is correlation curve minimum < minimum x value? yes
S §; = Sqrt{(/(n-3)Sum of (y"-Y)2) = 1318 Correlation curve maximum point NA
D D =n(5284- 53° #51(5382-5154)+82(5153- 57 )=| 59458407 Extrapolation imit for x (125% of maximum x value) NA
¢, C0=(8284-83)D = 3802)  |Is correlation curve maximum > extrapolation imit? NA
¢ C1 (S3S2 $184)D = 0.6164
¢, (5183 SZ)D=| 2182602
C, 3= (SESTD=| 1 024EDT Plot of Polynomial Regression Curve
¢ C4=(5182n83)D=| -3.736E-03 “.
Cs C=(nS2:81)D=|  1304E-04 ¢
t tfrom table = 2420 5 N j= 000067+ 218 %
Al Ermission Lmit = R 101
Cl Cl=1'S, *sqri{delta-min) = 0.840 5 81
Cl% (1% = CI/EL100= 4 54% g 6 1
Y vifrom table = 1418 0 4
U, Uy from table = 1195 E 7]
n n' = 1/delta = 11.08 0 . . . . .
i M=) 169 00 50 100 150 20 250
Tl Ti=kt'sp= 2.233
T% T1% = TIEL 1100% = 12.1% PAt CEMS Response
y~ y~ = 1n*(Sum of (yi)) = 6.76
S, Sy = sart(Sum of { yi-y~P2(n-1) = 338
r = 1-(8,"218y"2) = 0.847
r r=sqr((1-5,"28y"2) = 0921
Max-min? By> 071 minimum PS-11 Comrelation Test
pA— y=-by2by= 1.29 Calculation Spreadsheet
1.25% ray 2.38 Version 2-8 10125/04

* Indicates correlation coefficiant is undefined.

PS-11 Example 4C-R 19 Runs 10-27-04.xis Polynomial Summary 111112004



R5-2014-0104710000333

CALCULATIONS FOR LOGARITHMIC CORRELATION

Facility:  Facility D Emission Unit: Boiler
Location: Anytown USA Test Dates: 11/1-11/4/02, 1/7-1/8/03
PM CEMS response PM concentration
Measured | Transformed mg/acm CALCULATED STATISTICAL PARAMETERS
Run X x=In(x) y G IR
1 6.7 1.902 31 0418 13419 2.367 2.082 1.037
3 78 2.054 21 0244 21.745 2.305 3.183 11473
4 9.2 2219 371 0108 9.383 1.008 4379 0.461
5 10.1 2313 6.1 0.056 0.440 0.156 5.055 1.092
6 1.1 2407 28] 0.020 15.707 0.560 5739 8.636
7 12 2485 491  0.004 3471 0.118 6.303 1.970
8 18.2 2.901 83 0125 2.362 0.543 9.321 1.042
9 13.7 2617 45  0.005 5122 0156 7.263 7.635
10 14.6 2.681 82| 0018 2.065 0.191 7.724 0.226
11 19.7 2.981 13 0187 38.898 2.696 9.894 9.645
12 18 2.890 M 07 18.808 1483 9.241 3.457
13 203 3.011 119 0214 26.387 2.375 10.112 3.198
14 202 3.006 106 0209 14.721 1.755 10.076 0.275
15 19.7 2.981 921 0187 5938 1.053 9.894 0.482
16 52 1649 24] 0.809 19.037 3.926 0.246 4.641
17 8.6 2.152 48 0157 3.854 0.779 3.890 0.828
18 14.1 2646 62| 0010 0317  0.055 7472 1.617
19 145 2674 71 0.016 0.056 0.030 7674 0.455
20 17.3 2.851 86 0.091 3374 0.555 8.953 0.125

Page 10f 1
PS-11 Example 4C-R 19 Runs 10-27-04 xis Logarithmic Calcs 10/29/2004



RESULTS OF LOGARITHMIC CORRELATION

R5-2014-0104710000333

Facility: Facility D Emission Unit; Boiler
Location; Anytown USA Test Dates:  11/1-11/4/02, 1/7-1/8/03
|Correlation equation: y= -11.697 + 7244  Ln(x) |
Variable Equation Value
n Number of data points = 19 Summary of Acceptance Criteria for PS-11
X X~ = 1/n*(Sum of (X)) = 2.55 Criterion Actual Allowable Acceptable?
Sy S = SUMXX~12) =l 2.99 Correlation coefficient |  0.867 >085 yes
y y~ = 1n*(Sumof (y)) = 6.8 Confidence interval 4.40% <10% yes
S, S, =Sum((yy~'2)=| 208 Tolerance interval 15.0% <25% yes
Sy Sy, = SUm((XX~)(yry~)) = 217 * Indicates correlation coefficient is undefined.
by by =y~-bx~=[ -11.697
by b= Sx'y/ S = 1244 Plot of Logarithmic Regression Curve
S, S, = SQRT(1/(n-2)(Sum(y v)'2)) =]  1.680
Y ean V' atmeanxvalue=| 6763 14 ;
k frfomtable=|  2.110 .§ 27 y=7.244Ln(x) - 1,697 o ¢
Cl Cl={S*SQRT(1n)=[ 0813 ; 12
EL EmissionLimit=| 185 .
Cl% Cl% =CIEL*100%=|  4.40% S 4l
n n=n= 19 2 9
Vi vifromtable=| 1400 0
n U fomiable =] 178 00 50 100 150 200 250
ke k=4 = 1649 PM CEMS Response
Tl TI=k*SL= 2177
T1% T1%=TUEL*100% =]  15.0%
§, S, = SART(S,Jin-1))=| 3376 PS-11 Cortelation Test
Fl r= 14§28/2)=| 0752 Calculation Spreadshest
r r=SQRT((1-8,"2/8,"2))=| 0.867 \Version 26 10125104
* Indicates correlation coefficient is undefined.
PS-11 Example 4CR 19 Runs 10-27-04.xis Logarithmic Summary 10/29/2004



R5-2014-0104710000333

CALCULATIONS FOR EXPONENTIAL CORRELATION

Facility:  Facility D Emission Unit; Boiler
Location: ~ Anytown USA Test Dates: 11/1-11/4/02, 1/7-1/8/03
PM concentration
PM CEMS mgfacm
response | Measured | Transformed CALCULATED STATISTICAL PARAMETERS

Run X y y=lay) | o) | o) [y vt | Y
1 6.7 31 1131 4952 0414 4530  1.042 0.008
3 78 2.1 0.742| 3525 1.068 6.134| 1156 0.172
4 92 37 1308 2058 0218 2418 1.302 0.000
5 10.1 6.1 1808 1323  0.001 01201  1.396 0.170
6 11.1 28 1.030 6.95 0556 1.966(  1.500 0222
7 12 49 1.589 3.02[ 0035 0323 1594 0.000
8 18.2 83 2116 1992 0.116 1522 2240 0.015
9 137 45 1.504 0.000 0073 0010 177 0.071
10 14.6 8.2 2.104 0.75  0.108 0284  1.865 0.057
11 19.7 13 2565 3556 0624 47101 2.397 0.028
12 18 111 24071 1817 0.399 2693 2219 0.035
13 203 11.9 2477 43.08[ 0492 4603 2459 0.000
14 202 10.6 2361 47 0343 3785 2449 0.008
15 19.7 92 2219 3556  0.197 2648  2.397 0.031
16 52 24 0.875| 7288  0.809 7681  0.886 0.000
17 8.6 48 1569 2639  0.043 1.061  1.240 0.108
18 14.1 6.2 1.825 013  0.002 0.018] 1813 0.000
19 14.5 7 1.946 058  0.029 0.130[  1.855 0.008
20 17.3 8.6 2152 1270 0142 1342 2146 0.000

Page 10of 1
PS-11 Example 4C-R 19 Runs 10-27-04 xis Exponential Calcs 10/29/2004



R5-2014-0104710000333

RESULTS OF EXPONENTIAL CORRELATION

Facility:  Facility D Emission Unit. Boiler
Location:  Anytown USA Test Dates: 11/1-11/4/02, 1/7-1/8/03
Correlation equation: y= 1410e b2 x
Variable Equation Value
n Number of data points = 19 Summary of Acceptance Criteria for PS-11
X x~=1n*(Sumof (g))=| 1374 Criterion Actual Alowable | Acceptable?
S, S = Sum{{x-~2)=| 4360 Correlation coefficient 0.909 2085 yes
y y~= U Sumof(y))=| 1775 Confidence interval 363% <10% yes
Sy Syy = Sum((yy~1'2) = 567 Tolerance interval 12.6% <25% yes
Sy Sy = Sum(ix-x~Jyry~))=| 4544 * Indicates correlation coefficient is undefined.
by by =y~bx~=| 0344
b, by=e'by'=| 1410 , _
b, b= 5,05, 7| 0104 Plot of Exponential Regression Curve
S, S.= SQRT((n-2)(Sumy’ Ay 2)) =| 0235 “
YA y" at mean x value = 1775 ¢
t tfiomtable=| 2110 B y= 14101702
o) CI'=4SL'SQRT(1/m)=|  0.1435 £ 10
LeL LCL=y~-CIl 1662 IS
Ucr UCL=y~+CI] 1889 N
Cl Cl=(e"UCL'-eM.CLY2| 0671 ‘5’ 6.
EL Emission Limit = 185 0
Cl% Cl% =CIEL'100% =]  363% 2 4
N n=n= 19
" vhomtables| 1400 21 ¢
Uy Uy fromtable=| 1178 0 , : , .
kr kr=uves| 1649 00 50 100 150 200 50
T Tr=k'SL=|  0.387 PM CEMS Response
LU LTl =y -1 1.388
UL UTL =y~ + Tl 2162
Tl Ti=(@*UTL - &ML TLY2 2,340
T1% T1%=TUEL*100%=|  12.6%
Sy Sy = SQRT(Syf(n-1)) = 0.561 PS-11 Correlation Test
r = HSL28,/2)=| 0825 Calculation Spreadsheet
I r="SQRT((1-SL"218,"2)) =| 0.909 Version 26 10/25/04

*Indicates correlation coefficient is undefined.

PS-11 Example 4C-R 19 Runs 10-27-04 xls Exponential Summary 1012972004



R5-2014-0104710000333

CALCULATIONS FOR POWER CORRELATION

Facility:  Facility D Emission Unit; Boiler
Location:  Anytown USA Test Dates:  11/1-11/4/02, 1/7-1/8/03
PM concentration
PM CEMS response mglacm
Measured | Transformed | Measured | Transformed CALCULATED STATISTICAL PARAMETERS
Run X X = Lnix) y y=laly) | W [ o {0 v |
1 6.7 1.902 31 113 0418 0414 0416 0975  0.0245
3 78 2.054 2.1 0742 0244  1.068 0511 11631 04773
4 92 2.219 37 1308 0108 0218 0.154|  1.367]  0.0035
5 10.1 2.313 6.1 1.808]  0.056|  0.001 -0.008] 1483  0.1058
6 1.1 2407 28 1.030]  0.020[  0.556 0105  1.600]  0.3253
7 12 2485 49 1589  0.004[ 0.035 0.012 1697 0.0115
8 18.2 2.901 83 2116 0125 0.116 0120 22121  0.0092
9 13.7 2617 45 1.504]  0.005  0.073 0.019] 1861  0.1271
10 14.6 2.681 8.2 2104 0.018) 0108 0.044[ 1939  0.0271
11 19.7 2.981 13 2565 0187 0624 0341 2311 0.0647
12 18 2.890 111 24071 017 0399 0216 21991  0.0433
13 203 3.011 11.9 24T 0214] 0492 0.324[  2.348|  0.0166
14 202 3.006 10.6 2361 0209 0343 0.268] 23421  0.0004
15 19.7 2.981 92 2219 0487 0197 0192 23111 0.0083
16 52 1.649 24 0875 0809  0.809 0.809( 0661  0.0461
17 8.6 2.152 48 1569 0157  0.043 0.082 1284 0.0810
18 14.1 2.646 6.2 1825  0.010f  0.002 0.005(  1.89|  0.0051
19 145 2674 7 1946  0.016]  0.029 0.021  1.9311  0.0002
20 17.3 2.851 8.6 2152 0.091] 0142 0.114[ 21501  0.0000
Page 10of 1

PS-11 Example 4C-R 19 Runs 10-27-04 Xis Power Calcs 10/29/2004



RESULTS OF POWER CORRELATION

R5-2014-0104710000333

Facility:  Facility D Emission Unit; Boiler
Location: Anytown USA Test Dates: 11/1-11/4/02, 1/7-1/8103
Correlation equation: y= 02513 x 1%
Variable Equation Value
n Number of data points = 19 Summary of Acceptance Criteria for PS-11
X" K~=1n*Sumof (x))=| 2548 Criterion Actual Allowable Acceptable?
Sy S = SUm((ex~2) = 2.99 Correlation coefficient 0.894 >0.85 yes
y y~= 1 Sumof (y))=[ 1775 Confidence interval 3.90% <10% yes
Syy Syy = Sum((ywy~y2)=| 567 Tolerance interval 13.6% <28% yes
Syy Sep = Sum((Xx~Jyry~=| 37 * Indicates correlation coefficient is undefined.
bo' bg’ = y'~-b1X~ = -1.381
bo bo = eAbg’ = 0251
b, b, =88 = 1239
8, S, = SQRT(1/(n-2)(Sumfy Ay'2)) =| 0252 Plot of Power Function Regression Curve
Y nean y™at mean xvalue=| 1.775 ‘
& fifromtable =| 2110
cl Cl=t*SL"SQRT(t)=| 0122 121
LcL LCL'=y~-ClIl 1683 5104
ucL UCL'=y~'+CIl 1.897 I
Cl Cl=(e"UCL'-e"LCLY2| 0721 § 8
EL Emission Limit=| 185 2 6.
Cl% CI% =CIEL*100% =| 3.90% §
il n=n= 19 E 44
Vi v:fromtable =| 1400 ;.
Uy Uy from table =] 1478
kT kT - un'*vf - 1649 0 T T T T
- 00 50 100 150 200 250
Tr =82 0415 —
K [TC =y~ 11| 1360 esponse
uTL UTL'=y~'+TIf 2190
Tl T= (UL -e"LTLY2] 2521
Ti% Ti% =TIEL*100% =| 13.6%
S, S, = SART(Sfn-1)) = 0.561 PS-11 Correlation Test
r = 481 $2)=| 079 Caloulation Spreadshest
r r=SQRT((1-SL"2/8,"2)) =| 0.894 Version 26 10125004
* Indicates correlation coefficient is undefined.
PS-11 Example 4C-R 19 Runs 10-27-04.xls Power Summary 1012912004



R5-2014-0104710000333

SELECTION OF BEST MODEL
Facility: Facility D Emission Unit. Boiler
Location:  Anytown USA Test Dates:  11/1-11/4/02, 1/7-1/8/03
Model Corrglatmn >0857 Confidence interval <10%2 Tolerance interval half <95%7 Min/max within | Does mc.)de‘! meet all
coefficient (a) half range percentage range percentage allowable range? criteria?
Linear 0912 Yes 3.63% Yes 124% Yes (b) Yes
Polynomial 0.921 Yes 4.54% Yes 12.1% Yes Yes Yes
Logarithmic 0867 Yes 4.40% Yes 15.0% Yes (b) Yes
Exponential 0.909 Yes 3.63% Yes 12.6% Yes (b) Yes
Power 0.894 Yes 3.90% Yes 13.6% Yes (b) Yes

(a) *indicates correlation coefficient is undefined; mode! does not satisfy criterion.
(b} Not applicable; criterion applies only to polynomial model.
Bestmodel:  Polynomial

PS-11 Correfation Test
Calculation Spreadsheet
Version 2-6 10/25/04

PS-11 Example 4C-R 19 Runs 10-27-04 xls Best Model 10/29/2004
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